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IMPORTANCE OF ASH FOR FOREST MANAGEMENT. 


The ash genus (Frazinus), containing 18 or more native species, 
is of considerable importance for forest management in the United 
States. Because of its fine qualities, which make it valuable in the 
handle, butter-tub, vehicle, boat-oar, athletic goods, and other in- 
dustries, and because the supply is limited and the annual output 
small, ash timber of good grade commands a high price. The tree 
lends itself readily to both natural and artificial reproduction, has 
a good rate of growth under proper conditions, responds well to 
thinnings made to increase its growth, and is comparatively. free 

from destructive attacks of insects and diseases. It is probably 
\ more desirable than the other common heavy hardwoods—oak, 
/ hickory, maple, birch, and beech—for commercial timber growing 
on sites to which it is adapted, as it is merchantable when smaller 
and is usually higher priced and faster growing. It will be one of 
the first woods the demand for which will exceed the supply. Handle 
producers as a class feel that they will soon be facing a serious shortage 
of ash timber, and have as yet been unable to find anythmg to take 
its place satisfactorily. . 
6023°—Bull. 299—15——1 


9, BULLETIN 299, U. S. DEPARTMENT OF AGRICULTURE. 


This bulletin aims to make clear the economic status of ash; to 
differentiate the species, in regard to which there is considerable 
confusion, and to indicate their relative importance; to describe 
the characteristics of the more important: species; and to outline 
methods of forest management for commercial growing of ash timber. 


THE LUMBER CUT OF COMMERCIAL SPECIES. 


The census returns for the past decade indicate an annual cut 
of from 200 to 300 million feet of ash lumber, less than 1 per cent 
of the total cut of all species and between 24 and 3 per cent of the 
total cut of hardwoods. In rank in lumber production ash stands 
twentieth or twenty-first among all species and tenth or eleventh 
among hardwoods. In addition to the lumber cut the census returns 
show 25 to 35 million board feet of ash used annually in slack cooper- 
age for staves, heading, and hoops. The total annual cut in lumber 
and cooperage appears to be about the same as for hickory or for 
cottonwood. Ash does not figure in the census returns for poles, 
ties, and other products. 

The census figures indicate further that the annual production 
of ash lumber was maintained or somewhat imcreased during the 
decade from 1899 to 1909, but since that time it has considerably 
decreased. In average f. 6. b. value per 1,000 board feet of ash 
lumber there was an increase of 54 per cent in 1909 over 1899. This 
increase in price was not maintained during succeeding years, how- 
ever, which is due largely to an increased proportion of lower grades 
in the total output. A general survey of the supply of ash timber 
leads to the conclusion that the high-water mark in the production 
of ash lumber in the United States, both m quantity and quality 
of output, has been passed, and it is not likely that either the amount 
or value of the 1909 cut will ever be equaled. 

Another interesting point to be observed in the census figures is the 
constant shifting in rank of ash-lumber-producing States. In 1899 
the cut in Michigan, which was from virgin forests, was greater than 
in any three other States combined, while in 1911 Michigan had 
dropped to seventh place, with an output one-sixth as great as that of 
1899. Ohio and Indiana, where the cut is practically all from second 
erowth, ranked third and fifth, respectively, in 1909, but rose to first 


and third places in 1911, although in eaéh case there was considerable * 


decrease in the actual amount of the output. Arkansas, on the other 
hand, where the cut is from old-growth forest, dropped from first to 
second place in 1911 and decreased 40 per cent in amount of produc- 
tion from 1909 to 1911. If the production of ash for cooperage stock 
were added to the lumber cut, however, Arkansas would still be far in 
the lead. These figures indicate the waning importance of old as com- 
pared with second growth. The decline in total production is due to 
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the impossibility of the second growth’s keeping pace with the annual 
cut, which will be increasingly marked as the supply of old growth 
disappears. 

About 98 per cent of the ash lumber produced in the United States 
is from the three important commercial species—white (F. americana), 
ereen (Ff. lanceolata), and black ash (fF. nigra). The species which 
make up the remaining 2 per cent of the lumber cut are Oregon (F. 
oregona), blue (F. quadrangulata), Biltmore (fF. biltmoreana), pumpkin 
(Ff. profunda), and red ash (F.. pennsylvanica), which all have good 
silvicultural possibilities. Commercially there are only two kinds of 
ash lumber recognized—white ash and brown ash—and even these are. 
usually sold together under the common name of ash, because many 
of the uses to which the lumber is put do not require their separation. 
The term ‘‘green ash”’ is unknown commercially, and all the lumber 
cut from this species is marketed as white ash or simply ash. 

Tables 1 and 2 show for each species its cut in each ash-producing 
region of the United States, its proportion of the total cut, and its 
relative importance in the region. These tables are based on census 
data for 1910. From these data the cut of ash by counties was deter- 
mined and careful estimates made by the author of the proportion of 
each species in each county for which a report was made by the census. 


TABLE 1.—Cut of ash, by regions and species. 


White ash.! Green ash.” Black ash. 


Total 
Per F 
Regi int region P P | p 
egion. otalin er er er 
United at ned cent of oe cent of ed | cent of 
States. fect) tae totalin fe ; totalin fo t total in 
eet). ee region. ect: region. * | region. 
News Pneland Ssee- sees e ace Seller - 5.5 | 12,965 | 10, 865 SoAGE| sae saa ae eee a 2, 100 16. 2 
Middle Atlantic States........--.-.--- 7.4 | 17,370 | 13,945 80.3 55 0.3 | 3,370 19.4 
Lake States (Michigan, Wisconsin, 
IMT @SO tid) Seen esto 19.3 | 45,334 | 13, 630 30.1 | 1,606 3.5 | 30,098 | 66. 4 
Ohio, Indiana, Illinois, West Virginia, ; Sexeil : 
Kentucky, Tennessee. ...--.------- 32.8 | 76,927 | 53,950 | 70.1] 16,437 | 21.4] 6,540 | 8.5 
South Atlantic Statesand Alabama-..| 5.7 | 13,307] 5,405 | 40.6] 7,902| 59.4 |........ Eee 
Lower Mississippi Valley, including 
Missouri, Arkansas, Oklahoma, 
Texas, Louisiana, and Mississippi..| 28.8 | 67,678 | 6,900 10. 2 | 60,778 89. 8 5): aces eee 
Kansas, Nebraska, Iowa, and South F 
DRUG. = = seS05 soa censscadocesccec 2 | 534 185 34.6 349 Gn24< | eee eae asec 
Washington, Oregon, California 3. -. -- | 3} 600 |--------]--------]-----+2+]e222 2222 )eee ef 
Notas tase ne oe. | 100 234, 715 |104,880| 44.7] 87,177 | 37.1 | 42,108 17.9 


1 Includes small per cent of Biltmore and blue ash. 
2 Includes small per cent of pumpkin and red ash. 
3 All Oregon ash. 
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TABLE 2.—Distribution by regions of the cut ash of the different species, expressed in per 
_ cent of the total cut of each species. 


Region. White ash. | Green ash. | Black ash. 


Per cent. Per cent. Per cent. 
10. 4 5 


New Bn gland soe ces. «os - area Stew ele ac Sis Sa ee asec ae fot = eel ee el OR eee 
Mid die: Atianticistates. >t cmceeeeane eee eee aes ease Soe sake ee ibE3} 0.1 82 
Lake States (Michigan, Wisconsin, Minnesota).......-------------- 13 1.8 (ass Be 
Ohio, Indiana, Illinois, West V irginia, Kentucky, Tennessee. .....- 51.4 18.9 1555°- ; 
South Atlantic States and Alabama... ......-.0-c-++--------e+eeee- 5.1 en ees > 
Lower Mississippi Valley, including Missouri, Arkansas, Oklahoma, 

Mexas Louisiana. and IMISSISSID Dlse se = ane eee ee ease 6.6 69. 7s\te ae eee 

2 Wy Re a 


Kansas, "Nebraska, Towa, and South Dakotass = 222-0 essae see ee 


In round numbers, white ash comprises 45 per cent, green ash 
37 per cent, and black ash 18 per cent of the total output of ash 
lumber in the United States. The percentage of Oregon ash is 
insignificant. If the cut of ash for slack cooperage were included, 
green ash would be just ahead of white ash. These tables show 
white ash to be the important species in New England, the Middle 
Atlantic, and the Central States; green ash in the South Atlantic 
States, the lower Mississippi Valley, and in Iowa, Kansas, Ne- 
braska, and South Dakota; and black ash in the Lake States— 
Michigan, Wisconsin, and Minnesota. Over half the total supply of 
white ash comes from the Central States; 70 per cent of the green 
-ash comes from the lower Mississippi Valley, and 71.5 per cent of 
‘the black ash from the Lake States. Over 60 per cent of the total 
supply of ash comes from the Central and lower Mississippi Valley 
States, 19 per cent from the Lake States, 13 per cent from New 
England and Middle Atlantic States, and only 5.7 per cent from 
the South Atlantic States. 

The areas of heaviest lumber production of neh im he United 
States are indicated by Plate I (map showimg the cut of ash by 
counties for the year 1910.) 


CONSUMPTION OF ASH BY WOOD-USING INDUSTRIES AND ITS VALUE 
_ FOR DIFFERENT USES. 


Practically all of the ash lumber reported by the United Sue 
Census is consumed in different wood-using industries. The high 
value and scarcity of the wood precludes its use in general con-4 
struction work. Investigations by the Forest Service indicate that a . 
larger amount of ash was used in the wood-manufacturing industries — 
than the census figures report as bemg manufactured into lumber 
and cooperage stock. This is probably due to the manufacture of 
handles, butter tubs, and vehicle stock directly from logs and bolts. 
In round numbers, 22 per cent of the ash used in industries goes 
into handles; 20 per cent into butter-tub staves and headings; 15 per 
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cent into vehicles, including automobiles; 7 per cent into planing-mill 
products; 6 per cent each into furniture, refrigerators and kitchen 
cabinets, and car construction; 3 per cent each into boxes and crates, 
agricultural implements, and ships and boats (chiefly oars), and 1 
per cent each into fixtures, sporting and athletic goods, musical 
instruments, machine construction, and hames. It is also used in 
small quantities for pump sucker rods, tanks, pulleys and conveyers, 
trunks, printing materials, rollers, elevators, picker sticks, professional 
and scientific instruments, brushes, patterns and flasks (for foundry 
work), litters, and airship frames and propellers. 

Long handles for shovels, forks, hoes, and rakes of all kinds, 
short ‘‘D” handles for shovels and spades, and boat-hook handles 
are made almost entirely from ash, as it alone seems to have the 
proper combination of qualities—straightness of grain, a high degree 
of stiffness and strength perpendicular to the grain, suitable weight 
and hardness, and capacity to wear smooth in use. The same 
qualities make it desirable for agricultural implements, sporting 
and athletic goods, and boat oars. For making hindles, rapid- 
erowing second-growth white and green ash, which yieid the strong- 
est and stiffest wood, are the best and the most often used. Old- 
_ growth ash is usually considered too fine grained and brittle for 
handles. All standard baseball bats are made from ash. of the 
strongest second growth. Practically all long oars and sculls (14 
feet and over in length) and a large percentage of short oars and 
paddles are made from ash. For large-sized oars select old growth 
is much used in order to get the proper size. Black ash as a rule 
is not suitable for oars, as it will water-soak and become soft and 
spongy. 

About 90 per cent of creamery butter tubs are made from ash, 
for which it is the most desirable wood because it imparts no dis- 
agreeable flavor. For the same reason it is extensively used in 
refrigerators, kitchen cabinets, and churns. Its wood is very easily 
worked up into staves and heading for. tubs and churns, the supply 
coming mostly from bottomland green ash of the lower Mississipp1 
Valley. Ash hoops are made mostly from black ash m the Lake 
States. - 

In the vehicle and automobile industries strong second-growth 
white and green ash is used extensively as bentwood for bows, as a 
substitute for hickory and white oak for tongues, and for single and 
double trees. Ash is also used for vehicle bodies and panels, for which 
old growth of all species is preferred, as it can be obtained in greater 
widths, is not so liable to warp as second growth, and holds glue 
better. : 7 
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For planing-mill products, furniture, and car construction old- 
growth ash is usually preferred because a high degree of strength and 
_ stiffness is not required or because large sizes or widths are necessary. 
Black ash (called brown ash commercially) makes especially hand- 
some interior finish. | | 

Second-growth ash of good quality will usually bring the best price 
as handle, boat-oar, vehicle, or agricultural-implement stock rather 
than as lumber. This excludes ash grown in swamps, which is too 
fine-grained and soft. ; 

Old-growth ash of fair size and quality brings the best price if cut 
into lumber and graded, the upper grades being sold for car construc- 
tion, vehicle and automobile bodies and panels, and planing-mill 
products, the lower grades for furniture, refrigerators, and possibly 
the cull stuff for butter-tub heading. In exceptional cases high- 
grade old-growth ash timber can best be sold for boat oars. 

Ash timber of poor quality for lumber can probably best be sold for 
stave and heading bolts for butter tubs or used for firewood or char- 
coal. It is also used in some parts of the country fer fence posts and 
bars where more suitable kinds of trees are lacking. 

Ash timber of old or second growth, suitably located, can often be 
sold most advantageously for export logs. Five to seven million feet 
of green ash logs are exported annually in addition to the several 
million feet of ash exported in the form of deals and planks. 


GROUPS AND SPECIES OF AMERICAN ASH. 


The ashes in the United States may be divided into five groups, 
containing in all 18 or more species, distinguished from each other 
as shown in the key (Table 3). 


TABLE 3.—Key to American ashes. 


Genus FRAXINUS.—Trees and shrubs with opposite, pinnately compound 
leaves, and fruit a dry samara. Divisible into five groups: white, green, water, 
black, and shrub groups, distinguished on the basis of flowers and fruit. 

I. Flowers without petals, dicecious, polygamous, or perfect. 
A. Body of fruit terete or nearly so. Wings not extending to base of seed. 
Bark fissured. Flowers dicecious. 
1. Waitt AsH Group. Wings of samara terminal or nearly so. 
a. Twigs glabrous. 
(1) F. americana—seed with wing, 1 to 2 inches long. 
(2) F. texensis—seed with wing, less than inch long. 
Hardly more than a form of #. americana. 
6. Twigs and lower suriace of leaflets pubescent. 
(3) F. biltmoreana. 
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2. GREEN AsH Group. Wings of samara decurrent on body of seed to 
its middle. 

a. Twigs, petioles, and pedicels glabrous. 

(4) F. lanceolata \—leaflets 7 to 9 in number, 3 to 6 inches in 

length, lanceolate to acuminate, and rachis grooved. 

(5) #. berlandieriana—leaflets 5 to 7 in number, 2 to 6 

inches in length, oval or obovate. 

6. Twigs, petioles, and pedicels velvety pubescent. 
1. Leaflets stalked, subsessile, or sessile—eastern species. 

(6) F. profunda—samara 24 to 3 inches long, samara 
body somewhat compressed, leaflets stalked. 

(7) F. pennsylvanica’—samara 1 to 2 inches. long, 
samara body round and long-linear, leaflets 
sometimes sessile. 

2. Leaflets subsessile or sessile—western species. 

(8) F. oregona—seed body slightly compressed (Pacific 
coast tree). 
(9) F. velutina?—seed body round (southwestern tree). 
(10) F. coriacea—seed body compressed. Thicker, 
more leathery, longer-stemmed, and broader 
leaflets than F’. velutina. 
B. Fruit badey compressed. Seed kernel long-linear and terete as in green 
ash. Wings of samara extending to its base and broad. Bark light 
gray with small, thin, closely appressed scales. Flowers dicecious. 
3. WATER ASH GROUP. 

(11) F. caroliniana—leaflets 5 to 7, ovate-oblong; fruit elliptical 
to spatulate, often 3-winged, acute at apex. 

(12) F. pauciflora—leaflets 3 to 5, oblong; fruit lanceolate to 
oblanceolate, rounded and emarginate at apex. Hardly 
more than a form of F’. caroliniana. 

C. Fruit body and seed kernel flat. Wings of samara extending to its base, 
and broad. Bark gray and scaly. Flowers perfect or polygamous. 

4. Buack AsH GROUP. 

a. Twigs 4-sided; flowers perfect. 

(13) F. quadrangulata—5 to 9 leaflets, ovate-oblong to lance- 
olate, coarsely serrate, rounded or wedge-shaped at 
base. 

(14) F. anomala—1 to 3 leaflets (mostly 1); flowers some- 
times polygamous. 

b. Twigs round; flowers polygamous; northern species. 

(15) F. nigra—leaflets 5 to 11, oblong-lanceolate, gradually 

acuminate, laterals being sessile. 


) 


1Dr. Britton in his Illustrated Flora (1913 ed.) gives F. lanceolata as a pseudonym for F. pennsylvanica 
and gives two other species in this group dis tneushed from F. pennsylvanica as follows: 
Rynneronsamianalong-lineank-eerer cei eats sce e er mele eee latte sem <tet= oir ne eee ae eine 
Wing of samara long-linear spatulate or oblong-spatulate: 
Samaras broadly spatulate; leaves firm, entire............2..--.0ceseceeesceceeceee F. michauvii. 
Samaras narrowly spatulate; leaves thin, serrate, or entire..................-- F. pennsylvanica. 
Tn addition he has F’. campestris, with lateral leaflets sessile, as a western plains form of F. pennsylvanica. 
2 Under this is included F’.. towmeyi (Britton), with leaflets distinctly stalked, a rare form. 


F, darlingtonii. 
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II. Flowers with petals, polygamous or perfect—shrubs or small trees of the south- 
west. 
5. Sarus AsH GRovp. 

(16) F. cusprdata—panicles terminal on lateral leafy branches of 
the year; 3 to 7 leaflets, lanceolate and ovate- -lanceolate. 

(17) F. greggii—panicles axillary on branches of the year or pre- 
vious year; 3 to 7 leaflets, narrowly spatulate to oblong- 
ovate; petioles wing-mar gined. 

(18) F. fing of season’s growth 4-angled and smooth; 
5 to 9 leaflets, smooth and thick. ; 

The three important commercial species of ash—white, green,’ and 
black—occur in different groups, named accordingly. The other two 
groups, water and shrub ash, contain species of little or no importance 
for forest purposes. The Hategior. range of the different species of © 
American ash is shown in Plate II.? 

The separation into groups is based on ice nce in flowers and 
fruits, and further separation into species is chiefly on differences in 
twigs, leaves, and fruits. Of less importance in identification are 
bark characteristics and general appearance. 

Plate ITI shows the differences in the seed of different groups, also 
some of the variations of different species in the same group. The 
white ash group has the wing of the seed terminal and seed body round 
and plump. The green ash group has the wing extending along the 
body of the seed to about its middle, and the seed body round, but 
slim and long. The water and black ash groups both have the wings 
extending all around the seed body, the first having a round, slim, long 
seed kernel, and the second a flattened, broad seed kernel. 

Plates TV to VII show differences in leaves and twigs, as well as 
seed, of the important species of ash. It is important to observe that 
the last- year’s growth on red, Biltmore, pumpkin, and water ashes is 
pubescent, while that on green, white, and Texan ashes is glabrous. 

White and green ash group species have a decidedly fissured bark 
(Pl. VIII, fig. 1, and Pl. XI, fig. 2) when a foot or more in diameter, 
while ede blue, and water ash have a scaly bark (Pl. IX). Green 
ash has finer twigs than white ash, and in the open grows more bushy. 
Biltmore ash has stouter looking twigs than white ash, and red ash 
stouter-ones than green ash. 

In practical identification of ash trees, wherever there is any doubt 
as to the species, it is well to decide first to which group a tree belongs. 
The geographic range (see map, PI. II), habitat, and associated species 
should be considered. For instance, a swamp ash tree in the Atlantic 


1 Green ash ( F. lanceolata) is regarded by many as a variety of red ash ( F. pennsylvanica) on account of the 
fact that the two forms run together, especially west of the Mississippi. - Botanical nomenclature would 
indicate that the pubescent F. pennsylvanica is the important species because named first, but from an 
economic standpoint it is of very secondary importance to the glabrous form, F. lanceolata. In the white 
ash group the glabrous form, F. americana, is economically the important one, but in this case it is also 
botanically established as the important species. 

2 Prepared by W. H. Lamb of the Forest Service and the author. 
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ASH SEED, NATURAL SIZE. 


Nos. 1-8, seed of the white ash group: No. 1, F. texensis; Nos. 2,4, and 8, /. biltmoreana, Nos. 
3, 5, 6, and 7, F. americana, eNGe 9-16, seed of the green ash group: No. 12, pus 
Michauaii; No. 13, Britton’s F. darlingtonii; the remainder show variations in size an 
shape of seed of F. lanceolata and F. pennsylvanica. Nos. 17-18, seed of the water ash group: 
No. 17, F. pauciflora; No. 18, F. caroliniana. Nos. 19-22, seed of the black ash group: Hos: 
19-20, profile and face view of a F. quadrangulata seed, showing characteristic twist; } oe 
21-22, profile and face view of a F nigra seed, which is characteristically flatter than F. 
quadrangulata. 
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LEAVES AND SEED OF (@) F. CAROLINIANA, (0) F. NIGRA, (¢) F. QUADRANQULATA, 
(d) F. PROFUNDA. 
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Coastal Plain would likely be F. caroliniana, a tree in Oregon or Wash- 

- ington would be F. oregona, etc. Where all the necessary botanical 
characteristics are present identification is easy, but the most im- 
portant one, seed, is usually absent. This is especially the case with 
the two most important ashes, white (¥. americana) and green (F. 
lanceolata), and the groups they represent, both of which, however, 
are readily distinguished from the black ash group. Where seed is 
absent it is especially important to consider geographic distribution, 
site occurrence, and associated species in distinguishing white and 
green ash. But where both species are found on the same site, as © 
occasionally happens, identification by means of differences in leaves 
and twigs, bark, and general appearance is the best that can be done. 
White ash has more robust twigs and buds than green ash, bark 

usually darker colored, and leaves a darker green color, green ash 
leaves being more yellowish. . 


SILVICULTURAL SIGNIFICANCE OF THE GROUPS AND THEIR 
DISTRIBUTION. 


The division into botanical groups also has silvicultural signifi- 
cance. The white ash group is primarily of upland ashes; the green 
ash group is primarily of bottom-land ashes growing on sites with 
fair natural drainage during part of the year; the water ash group . 

- is of swamp trees; trees of the black ash group occur usually on 
unfavorable sites, the black ash in cold northern swamps, and the 
blue ash on dry limestone hills; the shrub group is of chaparral spe- 
cies of the southwest, where climatic conditions are especially severe. 

The extent of range and character of distribution of the several 
groups is influenced to a great degree by reproductive factors, as 
these determine largely a tree’s relative aggressiveness. They in- 
clude lightness of seed (ease of dissemination), quickness of germina- 
tion and seedling development, durability of the seed, and frequency 
of seed years. Climatic, soil, moisture, and light requirements and 
susceptibility to injury also have considerable influence. All these 
things vary a great deal in the five groups as a result of the process 
of adaptation to a wide range of conditions. The green ash group is 
the most aggressive and widely distributed; the white ash next; and 
water and black ash groups the least aggressive and the least able 
to hold their own. 

The green ash group has the widest geographical distribution 
because it seeds most frequently, and has the lightest seed, with the 
quickest germination—quick to take hold of a favorable opening. 
(Pumpkin ash is an exception, as it has the heaviest seed of any ash, 
is not prolific, and has a limited distribution.) The natural local 
habitat of the green ash group is chiefly moist to wet bottom lands 
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or the banks of watercourses. The seed is not durable and must find 
immediately favorable conditions for germination, especially moist- . 
ure. This group has naturally a better chance of holding its own or 
even of increasing, like paper birch, through the interference of man, 
than any of the groups. Since this group has become the most widely 
distributed, it is natural that it should have produced more species 
than other groups in adapting itself to varied climatic conditions. 
The species vary, from those with smooth twigs and leaves, com- 
mon where climatic or soil conditions are favorable, to very pubes- 
cent forms where severe conditions prevail. (See botanical range 
map, Plate II.) 

The white ash group also has a wide geographic range, but less 
than green ash, because it seeds much less freely; the seeds are as a 
rule heavier and larger and less easily disseminated, and take much 
longer to germinate. On the other hand, their seed is more dura- 
ble, larger kerneled, and stouter, and adapted to somewhat more 
rugged conditions, so that it has a better chance of germinating and 
growing than green ash where soil conditions happen to be adverse 
to immediate growth. Trees of this group occur chiefly on uplands, 
especially in coves, on moist slopes and depressions, and along up- 
land watercourses. 

_ None of the species in the water or black ash groups have as wide 

a geographic range as does green or white (see Pl. Il), because their 
seed is heavier and less readily disseminated, and in the case of the 
black ash group seeding is less frequent. Black ash (Ff. nigra) is the 
wider distributed of the two and extends farther north than white 
ash, but not nearly so far south. Certain characteristics of trees of 
these groups, such as durability of seed of the black ash group and 
the wide flat wing of the water ash seed which by floating it increases 
its chance of finding a favorable spot for germination, enable them 
to perpetuate themselves on unfavorable sites to which they have 
been relegated by their nonaggressive character. The species of 
these groups, except blue ash (/. quadrangulata), occur chiefly in 
swamps where conditions are poor for tree reproduction and growth. 
Blue ash is primarily a tree of rough and dry limestone hills, where 
conditions for reproduction are also somewhat severe and where 
acorn and other nut trees are the prevailing growth. These non- 
aggressive sroups are likely to decrease continually in amount and 
importance. 

The shrub group is confined to a very limited area in the South- 
west, and may be classified as secondary chaparral species, though 
not cones desirable even for this kind of forest. 


1See Forest Service Bulletin No. 85, ‘‘Chaparral,’’ by F. G. Plummer. 
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RELATIVE IMPORTANCE OF THE DIFFERENT SPECIES. 


The relative importance for commercial .or silvicultural purposes 
of the different species of American ash is shown in Table 4. 


TaBLE 4,—Relative importance of the different species of ash. 
WHITE ASH GROUP. 


1. White ash (F. americana).....Commercially and silviculturally the most impor- 
tant American ash. Commercially important 
east of the Mississippi, except in the Atlantic and | 
Gulf Coastal Plain region. A tree primarily of 
fertile, moist, upland soils and of coves, and of 
stream banks where drainage is good. 

Zee xan) asin GHeCteLensts) arars (== A variety of white ash of no commercial importance, 
but of some silvicultural possibilities. Occurs 
on dry limestone bluffs and ridges in northern, 
central, and western Texas, from,Dallas to the 
Devils River. 

3. Biltmore ash (F’. biltmoreana).A variety of white ash of some slight commercial 
importance and with good silvicultural possibili- 
ties. Adapted to somewhat drier sites and makes 
more rapid growth in youth. Chief occurrence 
in Tennessee, Kentucky, Ohio, and Indiana, 
especially on limestone formations, at lower 
elevations than white ash. 


GREEN ASH GROUP. 


4, Green ash (F’. lanceolata)..... Commercially and silviculturally nearly equal to 
white ash in importance. Commercial occur- 
rence limited chiefly to the river bottoms subject 
to overflow of the Atlantic and Gulf Coastal 
Plains. Has extended up the Mississippi and 
its tributaries into Colorado, Wyoming, Montana, 
Manitoba, and Saskatchewan. The most widely 
distributed of the ashes. 

5. Mexican ash (F. berlandiert- No commercial importance. Chief occurrence in 

ana). Mexico. Used for street and plaza planting with 
good success in cities of the Mexican tableland, 
but of no importance for the United States. 

6. Pumpkin ash (F. profunda)..Of some slight commercial importance in river bot- 
toms in southeastern Missouri and eastern and 
central North Carolina. Found,in sloughs with 
cypress, where it is soft and of very slow growth. 
On well-drained land more rapid-growing than 
green ash, especially in youth, and has good 
silvicultural possibilities. Seed scarce. 

7. Red ash (F. pennsylvanica)...Of slight commercial importance because too infre- 
quent, but adapted to somewhat drier sites than 
green ash. West of the Mississippi often not dis- 
tinguished from green ash. 
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8. Oregon ash (F. oregona)..-..- Of some slight commercial importance in the coast 
region of the Northwest, on river flats. Occurs 
from sea level to 3,000 feet elevation, but of mer- 
chantable size, usually below 2,000 feet. Occurs 
in river bottoms and along streams with alder, 
laurel, maple, walnut, cottonwood, willow, oak, 
and in the lower limits of Douglas fir forest. It 

has excellent silvicultural possibilities. 

9. Velvety ash (Ff. velutina). ... Very slight commercial importance. Good possi- 
bilities as a shade and windbreak tree in the arid 
Southwest, especially if irrigated. Range vicin- 
ity limited to the Southwest, along streams. 

10. Leatherleaf ash (/. coriacea)..No commercial importance. Closely related to F. 
velutina, occurring in the same region, and is 
adapted to even more severe climatic conditions 

and suitable for similar uses. 


WATER ASH GROUP. 


11. Water ash (F. caroliniana)...Of very slight commercial or silvicultural impor- 
tance. Deep river swamps of Atlantic and Gulf 
Coastal Plains from Virginia to Texas. Trees 
small and scattering, chiefly under shade of 
larger trees. 

12. Water ash (F'. pauciflora)..... Of very slight commercial or silvicultural impor- 
tance. Less frequent than F. caroliniana. Deep 
swamps in St. Marys River, Ga., to lower Appa- 
lachicola River, Fla. (Sargent). 


BLACK ASH GROUP. 


13. Blue ash (F. quadrangulata)..Commercially of some slight importance, chiefly in 
the limestone regions of Kentucky, Tennessee, 
Indiana, and Ohio. Better wood than black ash, 
and good for planting on dry limestone soils.. Not 
a good reproducer. ‘ 

14, Single leaf ash (F. anonola)..No commercial or silvicultural importance—not 
much more than a shrub. Grows along streams 
in arid country—McElmo River, southwestern 
Colorado, through Utah, to southern Nevada. 

15. Black.ash: (Fenigra)= ..- «<< Commercially the third most important ash, but 

wood inferior to white and green ash. In plan- 

tations it grows equally fast. It is primarily a 

tree of northern swamps, not a good reproducer, 

and not holding its own in second-growth forests. 


SHRUB ASH GROUP. 


No commercial or silvicultural importance. 


AiGe ee. CUSPICOLA eB wok ena Rocky slopes and dry ridges, valley of Rio Grande, 
in Texas and New Mexico, southward into Mexico. 
UE PH SOT CO 1G ooo ee Bg ee Dry limestone cliffs and ledges, valley of Rio 


Grande, from mouth of San Pedro to that of 
Pecos River, south into Mexico. 
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aE Seed ipelalaise. 922.22 22. OS: Near foothill streams and in gulches; in dryish or 
slightly moist rocky and gravelly soils; in clumps 
mingled with other chaparral species; inner coast 
ranges and foothills of the Sierra Nevada in Cali- 
fornia. 


OCCURRENCE OF IMPORTANT SPECIES AND THEIR ASSOCIATES. 


Ash, with its wide geographic distribution and many different 
forms and species, naturally occurs on a great variety of sites and in 
many forest types, but usually forms only a small percentage of the 
trees of any stand. Exceptions to this are the occurrence of green 
ash as a principal tree on limited areas of overflow river bottoms of 
the Mississippi and its tributaries, but usually in comparatively young 
stands less than 100 years old; of white ash as a principal tree (very 
rarely) on small areas of second-growth upland hardwood stands on 
fairly moist soil; and of black ash as occasionally a principal tree in 
virgin swamp forests of the Lake States. In old-growth virgin 
stands white and green ash never form more than a small percentage 
of the merchantable stand, which is mainly of longer-lived, more 
persistent trees, such as the oaks, birch, beech, sugar maple, yellow 
poplar, hemlock, white pine, and spruce, red gum, and cypress. Any 
agency removing the old growth, such as lumbering, often gives 
white and green ash a chance to become, by their good natural re- 
- production, relatively more important in the second growth. 


WHITE ASH. 


White ash occurs on comparatively well-drained sites along small 
streams, in swales and coves, and on moist north and east slopes, 
usually where the soil is both moist and permeable. It will grow even 
in comparatively wet places, provided there is good underdrainage. 
It occurs in three distinct forest types or associations of trees, in all 
of which hardwoods predominate: (1) birch-beech-maple-basswood 
type; (2) mixed oaks and chestnut type; (3) yellow poplar type. In 
places these types often merge into each other. White ash occurs 
most frequently in the birch-beech-maple-basswood and the yellow 
poplar types, where it attains good development and is usually a 
dominant forest tree. In the mixed oaks and chestnut type it is 
usually subordinate. 

The birch-beech-maple-basswood type is the common northern 
hardwood forest, which extends south into the Appalachian Moun- 
tains at constantly higher elevations to northern Georgia and Ala- 
bama. The hardwoods of this type include yellow and black birch, 
beech, hard and soft maples, basswood, white ash, white elm, bitter- 
nut hickory, and black cherry; and in the southern Appalachians, 
cucumber, yellow buckeye, chestnut, and oaks. Coniferous species 
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in the type are spruce, hemlock, and white pine, the first two espe- 

cially on moist situations suitable to white ash. In original forests 

of this type white ash rarely forms more than from 1 to_5 per cent of 

_ the merchantable stand, but in second-growth stands it may form 20 
per cent or more. 

Sites on which the mixed oak and chestnut type of forest is usually 
found (exposed upper slopes and ridges and southern slopes) have a 
comparatively dry, hard soil often thin and very rocky. Such sites 
are not favorable to white ash, which is fastidious in regard to soil, 
does not readily develop a rugged, deep-going root system, as do 
oaks and chestnut, and requires In consequence more surface moisture. 
On this type white ash usually occurs as a subordinate, overtopped 
tree of small diameter in comparison with the oaks and chestnut, 
except for occasional well-developed individuals in depressions where — 
soil and moisture conditions are more favorable. It never forms 
over 5 per cent of the stand. Ash reproduction takes place readily 
wherever the cover is slightly broken and at the same time dense 
enough to preserve good moisture conditions in the humus and soil; 
but subsequent seedling development is usually poor because con- 
ditions are adverse. The mixed oaks and chestnut type is common 
below 1,000 feet elevation in the glaciated hills of southern New 
England, southern New York, Pennsylvania, and New Jersey; farther 
south it occurs at increasing elevations, in the southern Appalachians 
up to 4,000 feet, mostly on comparatively dry southern slopes and 
ridges. It is common in southern Michigan, Ohio, Indiana, southern 
Illinois, Kentucky, and Tennessee, and in the highlands of southern 
Missouri and northwestern Arkansas. The most frequent associates 
of white ash on this type are chestnut, red, white, scarlet, black, and 
chestnut oaks, bitternut and pignut hickories, yellow poplar, red 
maple, and dogwood; other species sometimes occurring with it are 
swamp, white, pin, Spanish, black jack, and post oaks, black gum, 
black walnut, shagbark hickory, ironwood, hornbeam, elm, black 
cherry, shad bush, sugar maple, sassafras, hemlock, white, pitch,. 
and shortleaf pines, scrub pine, black and yellow birch, paper birch, 
butternut, black locust, mulberry, beech, and red gum. — 

The yellow poplar type occurs only on comparatively moist, fertile 
sites with good drainage, such as in the hollows of small streams, 
north slopes, and small hollows, coves and swales interspersing drier 
oak or pine types. In old growth ash forms up to 10 per cent of the 
stand, and in second growth up to 50 per cent. The yellow poplar . 
type is common from southern New England and southern New York 
(below 1,000 feet elevation) to northern Florida and west to northern 
Louisiana and eastern Arkansas and Missouri. Southward it is 
found at increasing elevations until in the southern Appalachians it 
reaches 3,500 feet; but it occurs also on moist, well-drained fertile 
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sites in the Coastal and Gulf Plain region down to elevations of less 

than 100 feet above sea level. The chief associates of white ash on 
this type include yellow poplar, red, white, black, pin, and chestnut 
oaks, black and red gum, pignut and shagbark hickory, black walnut, 
-and chestnut. White ash is very much outgrown by yellow poplar, 
and often occurs as an overtopped tree in old stands, though in this 
type it reaches its largest size. 


BILTMORE ASH. 


The pubescent form of white ash, known as Biltmore ash, is occa- 
sionally found in the mixed oaks and chestnut type and in the yellow 
poplar type of the southern Appalachians and Central States east of 
the Mississippi River. It is adapted to somewhat drier soil condi- 
tions than white ash, and has a more vigorous growth at the outset. 
In central Tennessee this species sometimes forms from 1 to 5 per 
cent of the merchantable stand of the original forest. 


TEXAN WHITE ASH. 


‘Texan white ash is adapted to dry hills of central Texas, where it 
occurs with post oak in noncommercial stands. 


GREEN ASH. 


Green ash is primarily a species of southern overflow river bottoms, 
most abundant in those of the Mississippi River and its tributaries 
south of Illinois, also common in other rivers of the Atlantic and 
Gulf Coastal Plains from Virginia to Texas. It has spread itself 
extensively along watercourses all over the upper Mississippi Valley 
north into Manitoba and Saskatchewan and west into Colorado and 
Montana. In the western and northern limits of its occurrence its 
place is sometimes taken by red ash, which is better able to survive 
on upland sites. The bottom land on which it grows is compara- 
tively free from water during most of the growing season at least 
(Pl. X); it does not flourish like tupelo and cypress on land which is 
saturated during most of that period, although poor, suppressed - 
specimens of great age are sometimes found on such areas. The char- 
acteristic associates of green ash on drier portions of bottom lands, 
often not subject to overflow, are sweet gum, cottonwood, cow and 
white oaks, sycamore, white elm, and persimmon; and in the inferior 
species are hackberry, red and silver maples, boxelder, slippery elm, 
Kentucky coffeetree, sassafras, dogwood, honey locust, and pawpaw. 
On intermediate bottom lands, often overflowed but dry durmg most 
of the growing season, green ash is characteristically associated with 
sweet and black gum, cow oak, willow oak, swamp white oak, pecan, 
hickory, red oak, hackberry, red maple, white elm, cork elm, slip- 
pery elm, river birch, willow, mulberry, persimmon, cottonwood, 
cypress, and tupelo gum; also (of lesser importance) honey locust, 
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soap berry, dogwood, with a dense undergrowth (in wetter situa- 
tions) of elbow brush (Cratzgus), poison ivy, wild grapevine, and 
wire grasses. Green, pumpkin, and water ashes are often found 
around the edges of sloughs or back swamps (upon which water 
stands for from 9 to 12 months in a year) in mixture with cypress and - 
tupelo gum. Green ash is one of the most common species in the 
very sparsely forested plains and prairie country of the Middle 
West, growing almost entirely along streams in company with white 
elm, cottonwood, willow, hackberry, sycamore, black cherry, and - 
bur oak. 
RED ASH. 

Red ash is a pubescent species of the green ash group occasionally 
found along streams in the New England, Middle, Lake, and Central 
States east of the Mississippi River. West of the Mississippi it is 
often difficult to distinguish from green ash; with which it is appar- 
ently connected by ieee forms. 


= PUMPKIN ASH. 


Pumpkin ash is a much more distinct pubescent species of the © 
green-ash group than is red ash, the seeds are much larger, and the 
tree is more rapid growing in youth under the same conditions. It — 
has a very limited occurrence, however, and is usually found on the 
wetter parts of overflow river bottoms, unfavorable to rapid devel- 
opment, where it is associated with the same trees as is green ash. It — 
has been observed in commercial quantities only in southeastern 
Missouri, northeastern Arkansas, and in the eastern half of North 
Carolina. It may be, geologically, an older species than green ash, but 
nonageressive from a reproductive standpomt and relegated to 
undesirable sites. 

: OREGON ASH. 

Oregon ash occurs along streams, in some cases reaching an eleva- 
tion of 5,000 feet, though it usually stops at 3,000. It thrives on 
gravelly flats with the water table near the surface. At low eleva- 
tions it is associated with maple, oak, and willow. At higher eleva- 
tions in the oak-digger-pine type and in the Douglas-fir yellow-pine 
type, its associates are willow, alder, maple, cottonwood, black oak, 
yellow and digger pine, and Douglas fir. The largest trees and the 
commercially important stands are in southwestern Oregon, in asso- 
ciation with alder, broadleaf maple, and California laurel, on good 
agricultural soils which are being rapidly cleared for farm land. 


LEATHERLEAF ASH. 


F. coriacea is the species commonly named leatherleaf ash, although 
F’, velutina is also sometimes so called. The F. velutina is the more 
abundant and occurs chiefly in New Mexico and, ‘rizona, along 
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F95257 


Fig. 1.—Disk from 85-year-old white ash from clay forest soil in central New 
York. Shows ability to endure long period of suppression and good 
recovery after removal of large trees 12 yearsago. Note ridged bark and 
irregular line of heartwood. The slow-growth wood in section is weak 
and not suitable for handles. 


F57835 


Fic. 2.—Green ash logs cut on overflow bottom land in northeastern Arkansas, very much 
checked after lying in the sun several months. Characteristically ridged bark. 


THE ASHES: THEIR CHARACTERISTICS AND MANAGEMENT. 17 


streams and canyons from 4,000 to 8,000 feet above sea level, with 
walnut, cottonwood, boxelder, maple, and sycamore. fF. coriacea 
occurs chiefly in desert regions of Nevada and southern California 
on low mesas (ash meadows) and in canyons; also in southern Utah 
and northern Arizona. 

BLACK ASH. 


Black ash is primarily a wet-soil swamp tree of northern lowlands 
and foothills. Its chief commercial occurrence is in the hemlock 
type (75 per cent of the merchantable stand being hemlock) of the 
northern half of the Lake States, where it often forms 5 to 10 per 
cent of the original merchantable stand, averaging 500 to 1,000 
board feet per acre. Single forties may average 2,000 feet of black 
ash per acre, or about 20 per cent of the merchantable stand, and in 
very wet places single acres of nearly pure black ash (black-ash 
swamps) sometimes will cut over 5,000 feet. Associated with the 
hemlock and black ash on this type are hard maple, yellow birch, 
_basswood, elm, white ash, balsam, spruce, tamarack, and arborvite 
and in the southern part of the Lake States beech, white pine, and 
soft maple as well. All of these species associate more or less with 
black ash in the Middle and New England States, where the ash is 
found chiefly in swamps at an elevation of 500 to 1,500 feet above sea 
level, but rarely forms more than from 1 to 2 per cent of the merchant- 
able stand. In central Indiana and Ohio tts coniferous associates 
disappear, and it has only an occasional botanical occurrence on wet 
land with such species as willow, sycamore, soft maple, and pin oak. 
South of Pennsylvania and Ohio black ash is of no importance what- 
ever, having only an occasional botanical occurrence, chiefly in cold 
mountain swamps, with balsam, spruce, and hemlock. 


BLUE ASH. 


This upland form of black ash has adapted itself to dry limestone 
soils under the shade of oaks and hickories, where moisture, humus, 
and soil conditions are favorable. It occurs primarily on uplands in| 
the oak type in Ohio, Kentucky, Tennessee, and Indiana. 


WATER ASH. 


F. caroliniana and F. pauciflora.—These are deep-swamp species 
of the south Atlantic and Gulf Coastal Plain region from Virginia to 
Texas. 2 
SOIL, MOISTURE, AND LIGHT REQUIREMENTS. 


SOIL AND MOISTURE. 


Ash as a genus is fastidious and exacting in regard to soil fertility 
and soil moisture. It is not exacting in regard to atmospheric mois- 
ture or the amount of annual rainfall, its chief requirement being a 

6023°—Bull. 299—15——2 
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soil comparatively moist during a considerable part of the growing — 
season. It is exacting in regard to mineral food in the soil and is 
somewhat exhausting to it. It does well on rich, loose, limy, or 
marly soils, and some species even on dry heen soils. It does 
not do well on binding or argillaceous soils or on dry sand. On 
porous soils which offer no hindrance to the developing root system 
it is as a rule less exacting in regard to surface moisture and fertility 
than it is on stiff impermeable soils. Ash is adapted, some species 
more than others, for growing in swamps provided the soil is not 
acid and there is no turf, but 1t prefers a rich, moist soil which has a 
rapid renewal of the water through, either oe or subterranean 
drainage. 

Although all species of ash thrive best on moist, well-drained, 
fertile, porous soils, yet the different species vary in their ability to 
grow on very wet or on dry soils. The important wet-soil species, 
in the order of their relative capacity for growing on wet sites, are 
water, black, pumpkin, and green ash, while the species which will 
endure dryness of soil (east of the Mississippi) are, in the order of 
relative capacity, blue, Biltmore, and white ash. West of the Mis- 
sissippi the green ash forms in the fertile prairie and plain States ~ 
(where red and green ashes run together) are very enduring under 
dry conditions, as are also the southwestern species of the green ash 


Bree LIGHT. 

Ash is a light-demanding tree, except for the first few years, during 
which it does best where the soil is shaded. In youth it is more 
tolerant than oak and reproduces itself well under a comparatively 
dense forest cover, because this provides, usually, suitable soil- 
moisture conditions. The seedlings here show great persistence and 
tenacity and are able to survive for some time. As an underwood 
in broken forests seedlings thrive well. After the pole stage, how- 
ever, ash becomes very light-demanding and space-demanding, espe- 
cially in pure stands, which is a natural result of its wide-spreading, 
soil-exhausting root system. The relative intolerance of ash is less 
apparent becauseit is most often found on moist fertile soils where trees 
of all kinds have their greatest tolerance. The effects of even slight 
shading or crowding on the side is at once apparent in long, clear, 
thin, spindly boles and small crowns. Ash often shows, however, 
excellent persistence under unfavorable light conditions, although 
making no substantial growth, and is quick to recuperate and respond 
to increase in light. The extreme sensitiveness of ash in this respect 
is one of the things which commend it for forest management. 

Blue, black, and white ash are the most tolerant and persistent 
under adverse light conditions, and green and pumpkin ash the 
least so. 
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REPRODUCTION. 


Ash reproduces itself well by seed and by sprouting from stumps 
of trees cut (Pl. XIV), the first, however, being by far the most 
important in perpetuating the species. 


SEED PRODUCTION AND DISSEMINATION. 


Ash of any species, in any region where it is common, usually seeds 
freely about every other year, and bears some seed almost every 
year. Exceptionally heavy crops occur at intervals of from three 
to five years. Not all ash trees are capable of bearing seed, since 
species of the white and green ash groups are dicecious; that is, male 
and female flowers are borne on separate trees and seeds occur only 
on the female trees. Trees in the open are apt to seed when from 
two to three inches in diameter and from 10 to 20 feet high, being 
only 10 years old, or even less. In dense stands ash commonly seeds 
but little until the stand is from 30 to 50 years old and is beginning 
to thin out. Small-crowned, suppressed, intermediate, and co- 
dominant trees produce little or no seed; dominant, large-crowned 
trees and open-grown trees are prolific seeders. Those of the green 
ash group are the most prolific, seedimg when younger and smaller, 
and more frequently and heavily. White ash is next in this respect 
and black ash last. 7 

The lightness of ash seed and its long membranous wing allow it 
to be carried long distances by the wind. Of the important species 
green ash is disseminated most widely by the wind, white ash is next, 
and black ash last. The distance depends largely on the weight of 
the seeds, which is given in Table 5. 


TABLE 5.— Weight of ash seed of different species. 


Number of seed per pound.- 
Species. Remarks, 
Low. High. | Average. 
Frazinus americana and F. biltmoreana}.... 8, 500 11,500 10, 000 goed and kernels float in 
water. 


F. lanceolata and F. pennsylvanica ?.....--- 12,000 20, 000 16, 000 : F ; 
F. nigra, F. excelsior, and F. guadrangulaia. 6, 000 8, 000 7,000 |} Seed (with wing) floats in 
water, but kernels sink. 


IPS DUQUE so 5 os GOS seas SoH eAea bbe Ba 655 5845086 558a4d |Sasodcuccs 14, 000 
JO 5 OPA ena aos s once occ Soon ee coer ep SebEalnobe soceRn|> 205s dosar 10, 000 
IRS I ORO THD Sac sede noe soes da casonsasssocus 3, 000 4,000 3, 500 


1 Biltmore averages the heavier of the two. 
2 Pennsylvanica averages the heavier of the two. 


GERMINATION AND SEED-BED REQUIREMENTS. 


There is great variation in the germinative characteristics of the 
different species of ash. Experiments ' with good, sound, untreated 


1 Seed planted in flats in the Arlington Experiment Station greenhouse in Jan., 1913. 
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ash seed planted under favorable conditions gave the following re- 
sults: (1) Green, red, Oregon, and pumpkin ash seed germinate 
freely in from four to five weeks; (2) Biltmore ash germinates freely 
in from six to seven weeks; (3) white ash feebly in five months; (4) 
black, blue, and European ash ! not at all the first year. The relative 
perishability of the seed of these species seems to be inversely pro- 
portional to the time required for them to germinate, the green ash 
group being the most perishable and the black the least. Seed of 
the black ash type has a germinating period of from one to three 
years. The white and black ash seed can be made to germinate 
more rapidly by the method described further on in this bulletin. 

Ash seed is especially exacting in its moisture requirements for 
germination and seedling establishments, and reproduction is 
restricted to spots where the soil or the humus or leaf litter are 
liberally supplied with moisture at the proper season of the year. 
Only a limited amount of ight (which need not be direct) is required 
for reproduction. A moderately open seed bed is sufficient; i. e., a 
layer of undecomposed leaf litter less than 2 inches thick with humus 
fairly decomposed beneath. Leaf litter and humus serve to keep — 
the ground moist, but they must not be so thick as to prevent the 
roots of the recently germinated seedling from coming in contact 
with the soil. 3 

Ash reproduction is most common where the soil is protected 
from the drying influences of sun and wind, and where at the same 
time there is some light to decompose the leaf litter more rapidly 
than is possible in dense stands; for instance, in small openings in 
the forest where the light is direct or in pure second-growth white 
_ pine stands where considerable indirect light reaches the ground. 
On large, open areas, bare of protecting leaf litter or shrubby plants 
and weeds, ash reproduces only along streams and river bottoms 
and in damp depressions. On uplands reproduction is confined 
mostly to sites where the soil is well protected. ; 

White ash reproduction is often found im upland forests under 
shade; even in the mixed oak and chestnut type the species will 
be found reproducing itself in places where the overhead cover is 
slightly broken. White ash seedlings are remarkably persistent. 
They maintain themselves in a stunted condition under the shade of 
large trees for from 5 to 20 years, dying off almost yearly in the hot 
part of summer or being eaten off by game or cattle and sprouting 
again the followmg season. These are called seedling sprouts. 
Under favorable soil and moisture conditions in the birch-beech- 
maple-basswood type and the yellow poplar type ash reproduction 


1 Belongs botanically to the black ash group. 


is 
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occurs under dense shade; ash seedling sprout root systems 10 to 
15 years old are often to be found here. If the large trees are cut, 
the ash seedlings (or seedling sprouts, as the case may be) will 
usually grow, but can keep pace with the more rapid growing oak 
and chestnut sprouts only where soil conditions are exceptionally 
favorable. Pure second-growth white pine stands form an ideal 
seed bed for white ash and often abound with ash seedlings and seed- 
ling sprouts which furnish an excellent basis for a valuable future 
admixture of ashes when the crop of mature pine is removed. 

In general, natural reproduction of white ash is good—that is, 
the proportion of white ash imcreases in second-growth stands 
following lumbering, especially where clean cutting is practiced. It 
also seeds in well followimg fire when seed trees are in the vicinity 
and are seeding at that time. 

Natural reproduction of green ash on river bottom land is also 
good, and it tends to hold its own or to increase in amount in second- 
growth stands. Green ash is by far the best species for reproducing 
on old fields because of its quick germination; it does especially 
well on moist, old-field bottom land, and on hog-rooted pastures. 

Natural reproduction of black ash is not so good; the late germi- 
nation of the seed makes it more hable to be destroyed and the 
small amount of seed produced decreases its chances of finding 


- favorable sites for germination. 


SEEDLING DEVELOPMENT. 


Table 6 indicates the rate of growth of ash seedlings under favor- 
able conditions. 


TaBLE 6.—Rate of growth of ash seedlings under different conditions. 


Height. 
Green ash | Green ash ALS ese 
x on oid in the White ash (orecteas 
eo: field, forest under} in the Teens 
South half shade, forest, 


Carolina | Arkansas | Ohio under Gens 
bottom bottom | half shade. Signe 
land. land. 


upland. 
Years. Feet. Feet. Feet. Feei. 
1 2.8 lee 0.5 O35 
2 7.0 Soe, fee, 1G 
3 1252 4.5 2.0 3.0 
Api yere Stee Se HN 3.0 4.6 
tes cee a eI 6.7 4.0 7.0 


A seedling that has existed in suppression for a number of years 
will usually start to grow, when the forest is opened up, at about the 
rate given in the table. Seedling sprouts do especially well when 
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given increased light, and often grow much faster than do ordinary 
seedlings, because of the large root system they have developed.! 

Seedlings and seedling sprouts under shade develop slowly. Some- 
times the root system is 15 years old and the tree less than 1 foot high. 
After the first year the seedling demands direct overhead sunlight for 
best development, but a certain amount of protection on the sides is 
beneficial. 5 

SPROUT REPRODUCTION. 

Ash is a free sprouter from early youth and usually retains its 
sprouting capacity until old age (see black ash sprouts, Pl. XIV, fig. 2), 
especially in vigorous trees. The sprouting is both from near the root 
collar and higher up on the stump. Thestump soon decays. Sprouts 
from near the root collar usually form new roots, and for this reason 
cutting of low stumps is very desirable in order to limit the reproduc- 
tion to sprouts of the best kind. It is also a good plan to remove the 
less vigorous sprouts from a stump in late summer of the first year so 
as to concentrate the growth into one, two, or three of the more desir- 
able ones. , 

The vigor of the sprouting increases with the age and size of the 
tree up to a certain point, after which it falls off. The following 
mea“urements ? on white ash emphasize this point: 


: Per cent of 
ART stumps | Basis. 
* | sprouting. 
Inches. Stumps. 
1to 4 100 
5to 8 100 52 
9to12 83 
13 to 16 80 


White ash sprouts from stumps of healthy trees over 3 inches in 
diameter grow from 3 to 7 feet the first year, and from 2 to 4 feet a 
year for several succeeding years. Seedling sprouts, on the other 
hand (from small seedling root systems), sometimes grow no faster 


1 Measurements by Prof. E. E. Carter in 1912 on two sample plots on the Harvard Forest at Petersham, 
Mass., gave the following comparative figures on the growth of white ash seedlings and seedling sprouts 
after clear cuttings in dense mature stands of white pine, under which there was considerable seedling 
reproduction of ash, 4 foot to 4 feet high, and 5 to 40 years old. 

Plot 1.—Seedling sprouts from seedlings cut off at the ground 3 years previously, when the mature stand 
was cut clean, showed an average total height growth of 4.8 feet in the three years, while seedlings which 
were not cut back grew only 3.6 feet. 

F lot 2.—Seedling sprouts from seedlings cut off at the ground 4 years previously, when the mature stand 
was cut clean, showed an average total growth of 5.9 feet in the 4 years, while seedlings which were not cut 
back grew only 4.8 feet. ; 

These plots indicate that cutting off of ash seedlings to facilitate logging operations is benoficial rather than 
harmful to ash reproduction. The seedling sprouts grew one-third faster than the old seedlings, which 
means that in addition to straighter stems being produced their chances of getting up out of thereach of - 
browsing stock and deer are much better, which is an important factor in parts of New England and New 
York. 

2 Measurements taken by J. G. Peters, Hyde Park, N. Y. 
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when the forest is opened up than do ordinary seedlings; this depends 
entirely on the relative vigor of their root systems. 
Trees of the green ash group are especially vigorous sprouters. 


SUSCEPTIBILITY TO INJURY. 


STORMS. 


Ash is comparatively windfirm under normal conditions, as it 
develops a wide-spreading, very fibrous, and tenacious root system. 
Trees of small diameter, with long, slim bodies, left exposed to the 
sweep of storms after removal of the larger trees, are sometimes 
uprooted by wind before they have a chance to become windfirm. 
Also trees located in flood areas of streams are lable to be wind 
thrown when the soil is badly washed away from around their roots. 

The stems of ash trees are strong and elastic and are not subject to 
windbreak unless infected with heart rot. As the twigs are somewhat 
brittle, the crowns are sometimes damaged by storms, especially 
when covered with sleet, but such damage is usually not serious and 


recovery is rapid. 
FROST. 


The leaders of ash seedlings growing in the open are sometimes cut 
back by late spring frosts which follow a growing period of several 
weeks, but after the trees attain a height of 5 or 6 feet this danger 
disappears. Ash seedlings readily recuperate from frost damage, 
but often form double leaders as a result of the mjury. Seedlings 
of American ashes seem to be less subject to frost damage in Europe 
than native European ash, because they leaf out later. There is 
considerable variation in earliness of leafing among the different 
species and among seedlings of the same species grown from seed from 
different localities. This is important in the culture of ash stands 
on sites subjected to late frosts. Seeds should be collected, if pos- 
sible, in the same latitude or to the north of where the planting is 


to be done. 
DROUGHT. 


The ashes, except black, pumpkin, and water ashes, offer good 
‘resistance to drought when once well established on fertile soils. 
This is due to their development of numerous long and fibrous lateral 
roots. Though their rate of growth is very quickly checked by 
droughty conditions and their leaves soon wither and fall, they live 
persistently through successive seasons of drought. On the arid 
- plains of western Kansas and Nebraska green ash survived on aban- 
doned timber claims where nearly all other species withered and 
died. Young ash seedlings are quite susceptible to drought, up to 3 
feet high, but by the time they are 5 feet high they have usually 
developed sufficient root systems to be fairly drought resistant. 
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Black ash growmg in swamps seems to be quickly affected by 
drainage, and there are large quantities in gradually draming swamps 
in New York and the Lake States either dead or dying. Excessive 
transpiration kills these trees down from the top. 

In the culture of ash on sites subject to drought, plants from seeds 
of drought-resisting trees should be used, and the area cultivated for 
several seasons till good extensive root systems are developed. 


~ 


ANIMALS. 


The tender young shoots and leaves of small ash seedlings and 
sprouts form unusually attractive browsing for wild animals, espe- 
cially deer and cattle, which greatly reduces natural reproduction of 
the genus and causes double leaders on many trees. Trees whose 
crowns are above browsing distance are practically free from damage 


by animals. 
DISEASES. 


Ash is not subject to extensive damage by diseases, which is an 
important point m its favor. Only one (white rot) has done much 
serious harm, though a number have been found on the different 
species. Diseases on ash are confined for the most part to trees 
whose vitality has been weakened by old age, fire, or generally 
adverse conditions. Ash stands grown under proper methods of 
forest management should be practically immune from serious attacks. 

White rot occurs in the heartwood of the trunk and main branches, 
and is caused by the fungus Polyporus fraxinophilus, which turns the. 
wood into a mass of yellow pulp. This disease is common in over- 
mature green ash in the lower Ohio and Mississippi River bottoms, 
near their confluence; also on white ash near the western limit of its 
range in Iowa, Missouri, Kansas, and Oklahoma, on dry limestone 
hills, where 90 per cent of the trees are mfected.t| The ash-leaf rust, 
Aadum fraximi, is probably the most common fungous parasite, 
occurring on almost all species of ash, but doing little or no serious 
damage. Other fungi appear on ash leaves and twigs, but rarely in 
sufficient numbers to do serious injury to the trees affected. Among 
them are several species of Gleosporium and Sphexropsis, as well as 
Septoria fraxint, Phyllosticta fraxim, and Spheronema spina. 


INSECTS. 


During the last several years the oyster-shell scale (Lipidosaphes 
ulm) has increased so much on ash trees in northern Ohio as to kill 
off entire stands, and is still on the increase im that locality. There 
are a number of other insects which attack standmg ash, but none 


1 Full discussion of this disease in Bulletin No. 32 of the Bureau of Plant Industry, “A Disease of the 
White Ash caused by Polyporus fraxinophilus.’’ 
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are very harmful, except the ash-tree borer, which is serious and 
lessens the value of the wood for lumber. 

A large number of insects attack recently felled ash timber. These 
include a bark beetle, Hylesinus aculeatus, which also occurs in dying 
standing trees; ambrosia beetles or pm borers (Platypus and Xylebo- 
rus); a roundheaded borer, Neoclytus capria, destructive to sap- 
wood of recently felled trees; and the powder-post borers, which 
attack seasoned sapwood. By quick conversion of the felled tree 
into lumber and by proper methods of handling, seasoning, and stor- 
ing, losses of logs and lumber through insects can be nearly elimmated! 

There should be little or no danger of serious insect attacks on 
young ash stands under management; nevertheless, the timber owner 
should be on his guard, and if insects show signs of becommg destruc- 
tive, he should communicate with the Bureau of Entomology, De- 
partment of Agriculture, Washington, D. C., for advice on the subject. 


FIRE. 


Small ash trees are easily fire-killed because of their thin bark. 
With increasing size and age ash becomes thicker barked and more 
fire resistant. Table 24, showing the thickness of bark of trees of 
different sizes and species, indicates their relative fire resistance (see 
Appendix, p. 53). Small ground fires, which do not kill standmg 
timber outright, are especially weakening to ash and lessen its rate 
of growth because of damage to its surface-feeding root systems. 
It is especially important to keep fire out of young stands. 


FORM AND DEVELOPMENT. 


Ash is a graceful and beautiful tree, whether growing in the forest 
or alone as a shade or ornamental tree. Its compound pinnate 
foliage and symmetrical and regular branching (Pl. VII) show to 
advantage in contrast with the foliage and branching of the hard- 
woods with which it commonly associates. 

Ash varies considerably in form and rate of growth in accordance 
with the character of the site, the amount of growing space, and the 
species. In general, on favorable sites and under normal forest 
conditions, dominant ash trees with crowns receiving some direct 
sunlight on the sides and full light on the tops grow rapidly m both 
diameter and height, reaching a height of 60 to 80 feet and a diameter 
of 10 to 20 inches in 40 years. Crowding on the sides, such as 
codominant and intermediate trees are subjected to, cuts down the 
rate of diameter growth and increases the clear length, but seems to 
have little or no effect on the height growth, which persists and is 
only appreciably lessened by the tree becoming overtopped. In 


1 See Circular 128, Bureau of Entomology, U. S. Dept. of Agriculture: ‘(Insect Injuries to Forest 
Products.”’ : 
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the open, diameter growth is more rapid, ba the tree develops only 
a very short trunk and large, wide-spreading lateral branches, and is 
very much inclined to fork, all at the expense of growth in hoishi and 
of length, clearness, and cylindricity of bole. Unfavorable sites 
make themselves at once apparent in a lower rate of height growth 
in dominant trees. The boles are shorter, more apt to be crooked, 
and more branchy. In mixed natural stands on such sites ash is 
usually a spindling, overtopped tree. 

In original forests, ashes from 200 to 300 years old, 3 to 5 feet in 
diameter, and from 125 to 175 feet in height were formerly common, 
but now 3 feet in diameter is exceedingly large. White ash attains 
greater height than black or green ash, but is surpassed in diameter 
and age by black ash. Green ash grows larger in diameter than white 
ash, but does not become so tall nor live so long. | 

Crowns of dominant ash trees growing in the forest occupy usually 
one-third to half the total height of the tree, more on young trees and 
less on old trees. During the period of rapid height growth, which 
continues till the tree is from 40 to 60 years old, the crown is rather 
narrow in proportion to its length and more or less cone shaped; as 
its age increases it broadens out and becomes dome shaped, and in 
old age comparatively flat. Im youth the crown is considerably 
longer than it is wide, but this changes with age until the width is 
greater than the length. Trees crowded on the sides have short, 


oppressed crowns, often occupying less than a quarter of the total 


height. (Pl. VIII, fig. 2.) 

Ash, because of its intolerance, prunes itself readily when growing 
in the forest, and develops long, clear, straight boles commonly free 
of branches for half its total height. The boles have usually a com- 
paratively rapid taper (Tables 25 to 29). Ash trees which have grown 
under very crowded conditions often have clear lengths of two-thirds 
or more of their total height. 

The species vary somewhat in their chaeectee forms as a 
result of their relative tolerance. Blue (PL TX: fir. 1), black, and 
water ashes have the most persistent limbs and- the shortest clear 
lengths, develop ‘‘ water sprouts’? under lesser light conditions, and 
for this reason are less desirable to grow (on good sites at least) than 
white, Biltmore, green, and red ashes. 


ee ee 


7). a. 2 
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TaBLE 7.—Rate of growth of white ash on uplands in central New York. 


A. On moist clay soil.1 B. On fresh to moist sandy loam.2 
fi Fast growth. Average growth. Fast growth. Average growth. 
ge. 
Diameter : Diameter Diameter Diameter 
breast- | Height. | breast- | Height. | breast- | Height. | breast- | Height. 
high. high. high. high. 

Years.| Inches. Feet. Inches. Feet. Inches. Feet. Inches. Feet. 
10 2.1 25 633 il? 255 29 UI58) 17 
15 Bi 7 38 2.4 27 55 42 3.0 27 
20 5.3 50 3.5 36 8.2 52 4.5 34 
25 627 59 4,5 43 10. 4 60 5.9 41 
30 8.0 67 5.4 49 12. 2 67 dank 47 
35 9.2 73 6.2 55 13.9 fA 8.3 53 
40 10. 2 77 6.9 59 15.3 75 9. 4 57 
45 11.2 81 7.6 63 16.6 78 10.3 61 
50 12.0 83 8.3 66 izeecdh 79 11.2 65 
55 12.9 85 8.9 69 18.7 81 12,2 68 
60 1835 7 87 9.5 (al 19.6 81 ib eal 71 
65 14.5 88 10.1 73 20. 4 82 13.9 74 
70 15. 2 89 10.6 75 212 83 14.8 76 
75 16.0 90 12 Ue 22.0 82 15.6 78 
80 rel Gard 92 Nag 7/ 79 22.8 83 16.5 81 
85> Wise} 93 22 PS RE PS Es ee re a Lge Ceo Le 
90 17.9 94 12.6 Roya abl IAAL Alpe taper PPA = eal Migros ck Gn AY FA a 
95 18.5 95 13.1 sa aaa Gee | nee dF EG Sek eas 

100 19.1 97 13.6 CHS vu eget sat apeatenare Nyasa He A eel lea cs 


i 


" 1 Based on complete analyses of 47 trees, mostly 80 to 100 years old. 
2 Based on complete analyses of 138 trees, mostly 30 to 70 years old. © 


The root systems of ash are wide-spreading, surface-feeding, very 
fibrous, and fairly deep-going, those of the more tolerant blue and 


_ black ashes being especially deep-going and often developing taproots. 


Green and pumpkin ashes growing in wet sloughs are usually bell- 
butted. 

The form and volume of ash trees of different species, diameters, 
and heights are given in Tables 25 to 46 in the Appendix. 


RATE OF GROWTH OF COMMERCIAL SPECIES. 


WHITE ASH. 


Table 7 shows the rate of growth, under favorable natural forest 
conditions, of second-growth white ash on moist clay upland and on 
fresh to. moist, sandy loam upland in central New York. 

Measurements in central New York on second-growth white ash 
on well-drained, alluvial bottom land, with a moist sandy loam soil, 
indicate an average rate of growth approximating that of fast growth 
on upland, sandy loam in the same locality. 

The growth of white ash on sandy loam soil averages Sea at the 
outset than on the clay, but it is not so sustained. On the clay site 
white ash is more tolerant, the stand more crowded, and the growth 
in diameter of the average tree is necessarily somewhat slower; the 
better quality of the site, however, is indicated by the greater height 
attained and by the greater per acre yields. In managed stands of 
white ash on suitable uplands it would be possible to secure an aver- 
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age rate of growth in diameter and height nearly equal to that of fast 
orowth under natural forest conditions. 


Table 8 shows the rate of growth of white ash under lew favorable 


conditions in southern nite. 


TABLE 8 —Rate of growth of white ash on fair upland clay soil in southern Indiana, based 
_on 81 trees 62 to 152 years old.} 


Fast gtowth. Average growth. 

Age. | piameter Diameter 

breast- Height. breast- Height. 
high. high. 

Years.| Inches. Feet. Inches. Feet 
10 a a 19 0.6 8 
20 2.5 34 (1.6 17 
30 4.1 45 225 26 
40 5.9 54 346) 34 
50 &.2 62 4.6 41 
60 LOE9 = 68 6.0 47 
70 14.4 73 7.9 52 
80 18.4 78 10.3 57 
$0 22.8 82 13.2 61 


1 The acceleration in growth at about 50 years is due to a thinning of the forest. Measurements taken by 
'W. Stone in 1909. 


Table 9 shows the rate of growth of white ash in natural selection 
forests contaiming trees of all ages.. 


TaBLE 9.—Rate of growth of white ash in natural selection forests, based on 179 trees 77 
to 808 years wn age, east of the Mississippi River, from. Tennessee north. 


Diameter breast-high. Height. 
Age. : | 
Maxi- | Average Fast Average Fast 
mum. growth. | growth. | growth, | growth. 
Years.| Inches. Inches. Inches. Feet. Feet. 
10 DET 0.6 1.6 8 ell 
20 6.7 1.8 3.9 14 21 
30 11. 4 elt 6.8 21 32 
40 16.5 4.4 10.1 7 44 
50 20.7 6.0 13.6 35 55 
60 24.3 Wet 16.9 43 65 
70 27.4 9.5 19-8 52 783 
80 30.1 11.4 2205 60 80 
90 32.3 8} 24.9 67 86 
100 34.3 14.9 Pils i 74 91 
110 36.1 16.7 29.1 80 95 
UPD cal eG Geeeiae, 18. 2 30.9 85 100 
ie | ones ae 19.8 32.6 90 103 
DA: 0 ih Mey sei ae Als 34.2 94 108 
5 Oa se Bec aeee Dat Bt 7 98 iil 
GOG eee ee QAR 2 | Bee eee LOL? |e eee 
AAO BEN eycpars Se poe Dd cA nk cis tse ee LO4S Wea Aas ee 
SOF a et sets DOr Ceereneemoe TOGie eae eeneeiee 
iS (0 Toet Hee tmet ee Ode Obl Pe nen ey 109: Als cee ens 
DOO Ww iaeiereee PA ba Nac beasts ttl So = 0 A ba acral [eerste Bs Co 
PAN Oe Nee ANTS BO inal Paracas yas TAZ: lsaoee Soe 
DLP Ves] Wap aaron zeit A OLGA eeteaecee Ag (rs cone eee 
230i eres SoM te cae ee 16s lis See cere 
ZAOP een serene Pa Ys Ua Well Mae ase DUS Ma Srcrnsteeerere 
PAS INU ES oe Ris) oat eee o.c WG pelt noses 


It will be seen by comparison with Table 7 that the growth is con- 
siderably slower than that of comparatively even-aged second-growth 
with better light conditions. The fast growth in Table 9 about repre- 
sents the possibilities under proper management. 
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GREEN ASH. 


Tables 10, 11, and 12 show the rate of growth of green ash on 
bottom lands of North Carolina, South Carolina, and Arkansas to be 
very rapid and well sustained. The North Carolina table shows 
slower diameter growth than the South Carolina and Arkansas 
tables, because the stand where the measurements were taken was a 
very dense, even-aged, unthinned young stand; the growth in height, 
however, was rapid enough. : 


TaBLE 10.—Raite of growth of green ash | on overfiow river bottoms in Orangeburg County, 
South Carolina, based on 410 trees 82 to 180 years old. 


Fast growth. Average growth. : 
Maximum 
Age. | Diameter Diameter | | pid et 
pbreast- Height. breast- Height. | En 
high. high me 
Years Feet. Inches. Feet. Inches. | Feet 
5 2.5 23 1.0 i bee) | ie See ee oe 
10 5.3 39 2.4 26 46 
15 1.5 49 3.8 34 | 59 
20 9.4 57 4.9 41 71 
25 10.2 64 6.0 47 80 
30 12.8 69 (eal 52 88 
35 14.3 75 8.1 57 95 
40 LaSy/ 7 9.1 62 101 
: 45 17 Sa | 83 10.0 66 106 
50 18.5 87 11.0 70 110 
55 18.8 91 11.9 74 114 
60 PALI 95 12.9 78 117 
65 22.3 98 - 13.8 81 120 
70 23.5 101 14.7 $4 122 
75 24.7 104 15.6 | 88 124 
80 25.9 107 16.4 SO 125 
85 27.1 110 17.3 | 3p) ee eee eo 
$0 28.2 112 18.1 O62 ee toes ae 
95 29.4 115 18.9 | ORG Ele: e: 
100 30.5 LS Wi 19.7 1000 be ea ee 
105 31.6 119 20.5 LOSE esas ot 
110 32.6 121 Zine | AO fs: [eee Se Se 
115 33.7 122 22.1 0G) 3} 22222 
120 34.8 124 22.9 11 y a Eee ee ee 
125 35.8 126 23.6 4087 (253523224 
130— 36.9 127 24.4 135) el | see ee 
iBT e see oe Se 129 25.2 i 5 ee aes oe 
146 2(F ees se =e | 130 26.0 | Oa (ee 
ah a s3 2 A Ss 132 26.7 Hs (pet ene: | 
150 ais PLA See a | 
I 


1 Measurements taken by K. W. Woodward, 1905. 


TasLe 11.—Raie of growth of green ash on old field river bottom land, Iredell County, 
North Carolina, in a very dense, even-aged, unthinned stand, based on 20 trees 60 years 
old. . 


Fast growth. | Average growth. 

Age. | Diameter | Diameter E 

breast- Height. breast- Height. 
high. high. 

Years. Inches. Feet. Inches. Feet. 
10 ok 32 a7 25 
15 4.7 44 past al 35 
20 6.2 53 Sorell 45 
25 7.5 61 rey 53 
30 8.7 68 5.6 | 59 
35 9.7 73 624 65 
40 10.7 78 i 69 
45 11.6 82 fe ey 73 
50 12.5 85 s.9 | 77 
55 TRS 87 Kort 80 
60 14.1 90 10.5 | $2 

i 


i Measurements taken by J. S. Holmes, 1912. 
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TABLE 12.—Rate of growth of green ash’ on river bottom land, Mississippi County, 
Arkansas, based on 394 trees 20 to 160 years old. 


Fast growth. Average growth. 
Age. | Diameter Diameter 
breast- Height. breast- Height. 
high. high. 

Years Inches. Feet. Inches. Feet. 
10 ZUM si [rs ke ee A Ox l 14 
20 eS yae senate 2.9 31 
30 ND BE Re |e ee 7.4 45 
40 PA Oral sis eee. She 9.7 57 
50 Wied | te Sek ees 11.7 67 
60 OO ese ee eecere 13.5 76 
70 D9 Jono Senne creer 15.3 85 
80 QAR Pere ates oo se 17.0 92 
90 QBs Dipsllctorate sate eyo 18.6 99 

100 Ae ea Wie ee ee 20.1 105 
110 7AUE! Sk See es Se PANG 7 111 
120 pa fl a (tie fevers Nia = P= Jos 117 
1310 eH eerie eee 8 ITE Gal tee 5 | SOD OE BOO Ce 122 
VA QF aS 5 Gee oe eae (CaS seen | cere ae 126 
1502 ek Se ee Rees See 130 
UG Ogio s eis sg eRe Be BR See ei 134 


1 Measurements taken by G. M. Homans, 1905. 


In growing green ash under management it should be possible to 
secure an average rate of growth on bottom lands well above the aver- 
age for growth under natural conditions, but hardly as rapid as the 
figures for fast growth given in Tables 10 and 12. 

On uplands, and farther north and west, the rate of growth of 
green ash is considerably slower. A green ash plantation on good 
prairie soil in central Illinois shows an average rate of growth under 
management no greater than that under natural conditions on south- 
ern bottom lands, and in Iowa the growth is still slower. The per 
acre yield will always be greatest on the well-drained, moist bottom 
lands of the South, where the greatest density of stand is possible. 

Farther west the possibilities of growth are constantly less. The 
rate of growth in upland plantations in eastern Nebraska is consid- 
erably slower than the average for natural bottom land growth in 
the Kast. 


TaBLe 13.—Diameter and height growth of green ash in eastern Nebraska in upland 
plantations, diameter growth based on 57 trees and height on 216 trees. 


Age. Average. | Dominant.| Height. 


Years. Inches. Inches. Feet. 

5 1 Ee RE eee aA 11 
10 2 eee eee 19 
15 2.9 ah 24 
20 3.6 4.5 28 
25 4.4 5.6 32 
30 5.0 6.5 36 
35 583 Chall 38 
40 5.4 leo 40 
45 HS pe ae ee ee 41 
50 S3Gintlaneser eee 43 


1 Measurements taken by F. G. Miller, 1905. 
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In this region the growth falls off rapidly after 25 years, and is 
not sufficiently sustained to make management profitable. On the 
better classes of sites, however, with moist soils, especially on bottom 
land, green ash has a fair chance of profitable growth in the Plains 
States (Tables 47 to 49). On bottom lands in western Kansas and 
Nebraska, in young natural stands, green ash has been found to 
average an inch in diameter growth in three to four years, and in 
planted stands it grows an inch in diameter every two to three years. 
In planted stands on uplands in the same region green ash takes five 
to six years to grow an inch in diameter. 


BLACK ASH. 


Table 14 shows the rate of growth of black ash in original all-aged 
selection forests on typical wet land sites in Michigan and Maine. 


TaBLE 14.—Rate of growth of black ash in original all-aged selection forests on wet sites. 


A. In northern Michigan.1 B. In Maine.? 
. Diameter breasthigh. Height. Diameter breasthigh. Height. 
Age. 
prea lege cob PSs ares gh 28a | writin (nteroy dete aaa 
tS 5 i=) 
growth. |growth growth. growth.|®" owl: growth. |growth ig Owl growth .|=" owth 

Years.| Inches. | Inches.| Inches.| Feet. Feet. | Inches. | Inches. | Inches.| Feet Feet. 
10 1.0 0.4 0.7 9 12 1.8 0.4 lea! 8 15 
20 2.4 1.0 ET 17 24 4,4 ol 2.0 15 28 
30 3.9 ue7p 2.7 26 34 Cine 1.9 4.4 22 38 
40 aeo 2.5 3.9 34 44 9.9 PEM 6.3 28 45 
50 7.3 3.2 5.2 40 52 12.2 3.5 8.1 34 50 
60 9. 2 4,1 6.5 47 58 14.1 4,4 9.9 38 54 
70 EEE 4.9 7.9 52 63 15. 7 5.2 11.5 41 58 
80 12.9 5.8 9.3 57 67 Wee 6.1 13.1 44 60 
90 14.6 6.7 10.7 61 70 18.5 7.0 14.5 47 63 
100 16.1 7.6 12.1 64 73 19.8 7.9 IGS 7; 50 65 
110 17.6 8.6 13.5 68 76 21.0 8.9 16.9 52 66 
120 18.9 9.5 14.7 70 (ise Beseaneoe 9.8 18.1 54 68 
130 20.3 10. 4 15.9 7 SOs. eae 10.7 19.3 56 70 
140 21.6 11.4 17.1 74 82% 45 Ssse 352 11.6 20. 5 o7 71 
150 22.9 12.4 18. 2 76 Sig See asa 2G slb=ciesase 60 |-oeaceee 
160 24. 2 13.3 19.3 73 So) pi Pee sees 13S 24k oe ces Olycle-= eee 
17 (eae eee 14.2 20. 4 79 SG eee csoe a ae eee G3 lek eee 
ESO; seo oeecs3 = 15.1 21.5 81 Sigh ss sae Oe oases air 64, -| 23S 
MOOS REE Somes ae 16.0 22.5 82 eM eee ers MCG SKa tia bee eee 66 [tee 
ZOD aoe cS 85 16.8 23.5 83 CE eee LG Re aes: Cte |e es 
7A les ee aes 17.6 24.5 84 90 2 ose: iS fel eee scien O94 |omayee a 
2A) sees See 08 el ec SOV 4 Sos ee elas ae 1 ae Bee oen oe 203 eae 33 32 
BO qbssatooase: 19.'3-> |[Saseeanse cy fa | Baran ame rereirer PALA ad apiece Lae Nea pS 
AQ eee se QO sity ees ea SSei lees: ee eee Paed iee| Perot (Be ease anee 
7 As | iae| eerie oar ate 20S Oi of ec SOM fssee se =a [Sacoene aes 7353 ye] eS ee Ce 40); Wee acess 
260s eesssees = 7A eid fea) tear Sar ee eee etl eee ee DAS Gis |e 5 See (Os lee ee 
DIOR Eas Ress 22255 s\haees oes GE Le Dc a Fa ite) Pape Pee et ed eee 
Psi Migs aca oe DES ell (eee ae QO er | ee eS SU ee ir ee eer See a tar Pier evecare 
290) |e 2, es EE ee es Dien ipa Ue om be 2 et ea Ph | eee [ee toto een See ae erence ee 
ine eee Ea py eee GG [Ata eces | cay peaen| me: peer ine Bereae | Sie ga Mee 


1 Based on 90 trees 79 to 292 years old. 2 Based on 45 trees 85 to 242 years old. 


This growth is much slower than can be expected of second growth 
on land with fair drainage. Black ash planted on uplands in Illinois 
has been found to grow as fast or faster than white ash. 
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OTHER SPECIES. 


Limited tremens on the less important species of ash 
indicate the following points: 

Biltmore ash grows as fast or a little faster in youth than white 
ash on similar sites but 1s not so long lived. 

Pumpkin ash on-the same site with green ash grows somewhat 
faster, during youth at least, but is not so persistent. Red and 
Oregon ashes grow about the same as green, or a little faster, on 
similar sites.: : | 

Blue ash on upland grows much faster than black ash in its natural 
swamp habitat and nearly as fast as white ash on the same site 


with it. 
PERIODICITY OF GROWTH. 


It has been found in southern Indiana‘ that ash does. practically 
all of its growing during the first part of the season—that is, before 
the 1st of July—which is probably true generally of the genus through- 
out its range; the latter half of the season it hardens the wood put on, 
forms tissues, and stores up energy to be used the next season. 
These facts indigate the importance of cultivating planted stands 
during the first part of the season. 


COMPARATIVE RATE OF GROWTH OF ASH AND ITS ASSOCIATES. 


White and green ashes are comparatively rapid growing on favor- 
able sites but very slow on poor sites. On good land white ash may 
be ranked after black cherry, yellow poplar, chestnut, and basswood 
in comparative rate of growth, in the same class with red oak or 
ahead of it (in youth especially), and ahead of white oak, the hick- 
ories, birch, beech, and maple. Green ash on bottom lands in the 
South with sufficient drainage is less rapid growing than cottonwood, 
willow, sycamore, and elm but about the same as red gum and the 
faster-growing red oaks and more rapid than the white oaks, red 
maple, hickories, black gum, and cypress. 

As the prevailing occurrence of black ash is on unfavorable wet 
soils, its growth is slow but no slower than other northern hardwoods 
on stn sites. 

Pumpkin and water ashes also provailingly occur on very wet soils, 
where their growth is slow but not below the average for associated — 
species on ihe type of land. 

Blue ash grows more slowly than walnut and yellow poplar, as fast 
as the oaks on limestone uplands, and faster than the hickories. 


YIELD OF PURE STANDS OF ASH. 


Although pure stands of ash are very rare, the only way to get an 
adequate idea of possible yields per acre under management is by 
the study of yields per acre of pure stands. 


1 Mee earements by oretee ence of Indiana, on Pei ahaa of white aad green ash. 
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Table 15 is the result of tabulating the yields per acre of 63 sample 
plots in comparatively pure, even-aged stands of ash, half in natural 
and half in planted stands, from 5 to 75 years old, and drawing three 

curves to represent high but not the highest (Quality I), average 
(Quality IT), and low (Quality IIT) yields. The stands represented 
were mostly on average-quality ash sites. Practically all were 
unthinned stands, and the yields may be considered as representing 
conservatively the possibilities of well-stocked ash stands under 
management on fair to good sites. 


TaBLeE 15.— Yield of pure, even-aged, well-stocked stands of ash on different quality sites. 


QUALITY T. 
| 
| Yield per acre. 
Number Average | 
of trees diameter | 
Age. peracre | steasthigh | Scribner Decimal C 
3’ and | 3” and Cords. 
over. over. =| | 
| 7” and over./3’’ and over. 
| 
| Years.| Number. Inches. Board feet. | Cubic feet. 
427 5.4 2, 000 2, 200 24.4 
25 391 6.5 4,200 3,100 34.4 
30 375 | 7.5 | 6,500 3,900 43.3 
35 361 8.3 9, 000 4,600 51.1 
40 341 | 9.1 11, 700 5, 250 58.3 
45 322. | 9.9 14,700 5,830 64.8 
50 288 | 10.5 18, 000 6,35 70.6 
95 251 | 11.2 21,700 6,800 | 75.6 
60 224 11.8 25, 700 7, 220 80.2 
65 203 12.4 29, 500 7,606 84.4 
70 188 13.0 32, 800 7, 950 88.3 
75 176 13.5 35, 600 8, 280 92.0 
80 166 14.0 38, 000 8, 600 95.6 
j 
QUALITY II. 
20 482 A OG Veen cisece 850 9.4 
25 435 5.0 1, 000 1, 680 18.7 
30 415 5.8 2, 200 2, 400 26.7 
35 393 | 6.6 3, 600 3, 050 33.9 
40 378 | 7.4 5,300 3, 630 40.3 
45 367 | 8.0 7,500 4,130 45.9 
50 361 | 8.7 9, 990 4,590 51.0 
55 350 | 9.3 12, 700 5,000 55.6 
60 340 9.8 15, 700 5,380 59.8 
65 326 10.4 19, 100 5,720 66.8 
70 309 10.9 22,600 6,010 66.8 
75 | 288 HES 25, 500 6, 270 69.7 
80 | 268 12.0 28, 000 6,520 72.4 
QUALITY III. 

| | 
25 469 Bebe We ose ose eo 470 5.2 
30 456 Be Dek 970 10.8 
35 452 4.9 300 1,470 16.3 
40 426 5.5 1,300 1, 950 21.7 
45 410 6.2 2,400 2,400 26.7 
50 402 6.8 3, 900 2,790 31.0 
55 392 73 5, 600 3, 150 35.0 
60 382 7.9 7, 700 3,470 38.6 
65 377 8.4 10, 200 3,760 | 41.8 
70 371 8.9 12,900 4,020 | 44.7 
75 365 9.3 15, 700 4,260 | 47.3 
80 359 9.8 18, 000 4, 490 49.9 


| . 
, | 


1 Based on 18 plots, Quality I, 30 plots, Quality II; 14 plots, 
Quality III, with a total area of 16.9 acres. 
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The yield table may be considered as especially applicable to pure, 
even-aged, well-stocked natural stands of white ash, as 42 of the.63 
plots were white ash, 28 of which were in Rete stands in New 
York and Ohio. oueteen plots in planted white ash stands were 

taken in Illinois, but did not average quite as high cs as those 
in natural sence farther east. 

Fifteen of the plots were in green ash, 14 of which were in planted 
stands in Iowa and Illinois and 1 na natal stand in North Carolina. 
The average yield possibilities for well-stocked stands of green ash 
on southern bottom lands free from water during most of the grow- 
ing season would be considerably above that of Quality IT in the 
table, but probably below Quality I. 

Six of the plots were in planted black ash stands in Illinois, which 
indicated higher yields than planted white ash stands in the same 
State. These yields, however, are very much too high to be repre- 
sentative of the best well-stocked natural black ash stands in typical 
black ash swamps of the Lake States. 


VALUE OF STANDING ASH TIMBER. 


A good way to figure the stumpage in any particular locality is to 
subtract from the f. o. b. mill value of the manufactured lumber the 
cost of production plus a reasonable profit to the producer for his 
time, labor, and capital. The total cost of producing ash lumber 
usually varies from $10 to $18 per thousand board feet, and on the 
average is not over $14. Ten per cent of the f. 0. b. value of the prod- 
ucts is enough to allow for profit in figuring what future ash stump- 
age grown under forest management will be worth. On this basis 
Table 16 is constructed, giving for different costs of production the 

value of standing ash timber, which when cut into lumber will sell 
(mill run) at the prices ead neniadl The amount of the pepe neers 
profit is also given. 


TABLE 16.—Stumpage values per 1,000 board feet for different f. o. b. mill values and 
different costs of lumbering (allowing 10 per cent for profit). 


10 per Cost of lumbering. 
IDS Oeil cent 
value. | profit of 
producer. $10. $12. | $14. $16. $18. 


ee oe poor Stumpage value per 1,000 board feet. 


$20 $2. 00 $8. 18 $6. 18 $4. 18 $2.18 $0. 18 
22 2. 20 10. 00 8. 00 6. 00 4.00 2. 00 
24 2. 40 11. 82 9. 82 7. 82 5. 82 3. 82 
26 2. 60 13. 64 11. 64 9. 64 7. 64 5. 64 
28 2. 80 15. 45 13. 45 11. 45 9. 45 7.45 
30 3. 00 17. 27 15. 27 13. 27 11. 27 9. 27 
32 3. 20 19. 09 17. 09 15. 09 13. 09 11.09 
34 3. 40 20. 91 18. 91 16. 91 14, 91 12. 91 
36 3. 60 22. 73 20. 73 18. 73 16. 73 14. 73 
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Ash stumpage, especially small second-growth trees conveniently 
located, will very often be worth more if made into handles (Pl. 
XIT), Aaeapall bats, oars, etc., than if cut into lumber. 

From the emi ann of aoomnacenn ont the value of second-growth 
stands is the important thing, and this in turn depends largely on 
the proportion of grades which any particular stand will cut. Table 
17 indicates the percentage of the different grades cut from second- 
growth white ash under 75 years of age of different diameters from 
comparatively straight and sound trees, such as would be grown in 
properly managed second-growth stands.t The second half of this 
table shows the f. o. b. mill-run value per thousand board feet of 
trees of different diameters, taking the following f. o. b. prices for 
the different grades: 


Firsts | No.1 | No.2 | No.3 


ee common. |common. |common. 
TsHIA MsAaeaocoosoces $60 $35 $25 $15 
Average......--.-- 50 30 20 10 
OW 2 oscce eee 40 25 15 5 


TABLE 17.—Per cent of grades cut from white ash trees of different diameters, for compara- 
tively straight and sound trees under 75 years old, and f. o. b. mill values of the same. 


F, o. b. mill-value per 1,000 
i i Grade: board feet. 3 
Diameter| Firsts 
pres’ and BEC 
gh. onds. 1 c ; ; ; 
en ae Sor High. |Average.| Low. 


soSogcencs 53 13 00 $24. 00 $19. 00 
10 1 ol 41 U 29.75 24. 70 19. 65 
12 7 47 40 6 31.55 26. 20 20. 85 
14 22 42 30 6 36. 30 29. 20 24.10 
16 29 42 22 7 38. 65 32. 20 25. 75 
18 35 39 19 7 40. 75 33. 70 26. 95 
20 43 36 15 6 42.75 35. 90 28.75 


Stated in general terms, the mill-run value of second-growth ash 
from comparatively straight and sound trees of all three commercial 
species 1s about as follows: 


Size of Mill-run value per 1,000 board 


trees in feet. 
diameter, 
breast- 
high. Low. |Average.| High. 
Inches. 
7 to il $20 $24 
12 to 16 24 29 
UVLO PAL |). 28 34 


1 Based on a mill scale study made in western New York of the cut by grades of 43 white ash logs from 
trees 8 to 20 inches in diameter, breasthigh, and 40 to 70 years old. 
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Applying the foregoing mill-run or f. 0. b. values to Table 16, 
taking $14 as an average cost of lumbering, would give stumpage 
values as follows: 


= 


Size of Stumpage value per 1,000 . 
trees in board feet. 
diameter 2 tte) Wate coe vie Ree 
breast- 
high. Low. |Average.} High. 


7 to 11 $4. 18 $7.82 | $12.36 
12 to 16 7. 82 12. 36 18. 73 
17 to 21 | 11.45 16.91 22. 36 


These values may appear too high, because in practice the operator 
is often at present able to purchase his stumpage for less than its 
real value and accordingly makes more than 10 per cent profit. 
This state of affairs, however, is rapidly disappearing as the supply 
of raw material diminishes; and the operator will finally be forced 
to do business on less rather than on more than a 10 per cent profit 
basis, especially when it comes to the purchase of second-growth 
timber grown at some expense under forest management. Further, 
it must be remembered that the timber grower is not at the mercy 
of the market so much as the manufacturer and the farmer, because 
he can more easily hold his goods until better prices obtain. 

Probably a record price for ash stumpage was paid in 1913 in 
east-central [llnois (@ear the Indiana line) when $32 per thousand 
board feet was paid for a quarter milhon feet of old-growth white 
ash, while on the same tract, $125 per thousand board feet was paid 
for black walnut, $24.75 for white oak, and $18.05 for hickory. 


ADVISABILITY OF FOREST MANAGEMENT OF ASH. 


The growing of ash timber, under proper management, will some- 
times pay 6 per cent or better on the money invested, where good 
yields per acre and good stumpage prices are obtained. This is 
shown by Table 18, which gives the compound-interest rates (where 
3 per cent or over) to be realized on different initial investments in 
growing ash where the yields indicated in Table 15 are obtained and 
where the stumpage is worth $5, $10, $15, or $20 per thousand 
board feet. 


a e 
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TABLE 18.—Interest rates! (compound) to be expected on Gaede } } } 
, y invested in growing ash 
where yield quality I, I, or LI stands are secured, calculated for different dumpnie 
values and for different initial investments. 


(Blank spaces indicate less than 3 per cent interest.) 


Total initial investment per acre. 


Value of 52 3 ; 
fees | cuunimase $5. | $10. | $15.4 $20.5 | $25.6 $30.7 
of | per faa) | ——-——--- -- 
stand.| board C Se F : 
feet. ompound interest rates (per cent) for yield quality I, II, and III stands. 
j Dsmeh ig Ei bee 3 Hey G28 kat Be Ft FO) J DV Ol Gp OO et 
Years. 4 
50 CUR a EG he boll | iT il etal ln el Rs WOLD i | Seems leper ae ce | ese [eee eet eee 
SONOS). fh eae PPA Paul yetad eaeel ainn tek Cam gees fy Sam peo shm Perel aten reve ds ben diem 2) 7... | 
AR TONG hose en Bours FRG | tect \etig | (Daa Sat Na OR Nad Rel Pity | 
OG Anse? FES bet ad SA Be Biles elnoee 4 1)| 4985s BiB ese see Sse ee 
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1Calculated by the formula p= 100] S+L—A 
L+F 


ber of years or rotation, S=stumpage value at n years; L=cost of land; F=cost of formation; and A= 
cost of administration and taxes in n years at 6 per cent compound interest. Five cents per acre annualy - 
is allowed for administration (including fire protection) and one cent on the dollar (full valuation) annually 
or taxes. 

2 $5 cost of land, and no cost of formation of stand. 

3 $5 cost of land, and $5 cost of formation of stand. 

4 $10 cost ot land, and $5 cost of formation of stand. 

5 $10 cost of land, and $10 cost of formation of stand. 

6 $15 cost of land, and $10 cost of formation of stand. 

7 $15 cost ot land, and $15 cost of formation of stand. 


—1], where p=compound interest rate, n=num- 


Where Quality I yields and $20 stumpage are to be obtained, the 
operator may spend as much as $20 per acre in buying land and 
establishing a stand of ash and still get 6 per cent interest on the 
investment. Where Quality II or average yields and $20 stumpage 
are to be obtained, it is possible to get 6 per cent mterest on an 
investment of $10 peracre. Quality III yields with $20 stumpage will 
only pay a little over 5 per cent interest on an original investment 


of $5- 
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On the average, ash stumpage will be worth only from $10 to $15 
per thousand board feet, and well-stocked seedling stands of ash 
will usually cost $10 or more per acre. On this basis it will require 
at the least a*Quality II yield to pay 6 per cent interest. These 
figures disregard the possibility of intermediate returns from thin- 
nings, which under especially favorable conditions might amount 
to from 20 to 30 per cent of the value of the final returns. It may 
be said in general, however, that growing ash timber as a profitable 
investment is practically limited to lands which will produce good 
yields of ash and which do not cost over $10 or $15 per acre. 

Ash is one of the most desirable trees for growimg in farmers’ 
woodlots, wherever the soil is suitable, because of its usefulness for 
many purposes on the farm, and because it brings a high price when | 
sold. It is also especially to be recommended for timber growing on 
agricultural land which the owner does not wish to use or develop at 
once for agriculture, but which he, nevertheless, desires to hold 
indefinitely. The cost of growing temporary forest crops which 
will pay fair returns will be very small in comparison with the cost 
of developing land agriculturally. Such crops will also require very 
little supervision. It will often be a wise policy for the farmer to 
cultivate only so much land as he can handle according to the best 
farming methods, allowing the rest to grow to timber. 

In the management of all forest types in which ash occurs naturally, 
it is always to be ranked as one of the most, if not the most, desirable 
species to encourage, often to the extent of securing pure or nearly 
pure stands of it over limited areas where the soil is suitable. 


OBJECT OF MANAGEMENT. 


The object of management of ash should be to secure on sites well 
adapted to its growth either well-stocked, pure, or nearly pure 
stands; or well-stocked mixed stands of desirable species, ash forming 
as large a proportion as it is practicable to secure, and being made, 
~ by thinnings if necessary, the favored dominant tree with plenty 
of growing space (Pl. XIII). 

Pure stands of ash will usually have to be established by planting 
or sowing, as only comparatively small patches can be secured by 
natural reproduction. They should be limited, as a rule, to the best 
sites and to short rotations, which will insure high yields. On all 
but the best sites ash is silviculturally better adapted for growing in 
mixed stands, either singly or in small groups, because the trees are 
light enemas and develop wide-spreading, surface-feeding root 
systems, and can be advantageously separated by more tolerant 
species with deep-growing roots. 
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ROTATION. 


Ash should be grown, as a rule, on comparatively short rotations 
of 30 to 60 years. Table 18 shows that the best financial rotation, 
or one which will yield the highest rate of interest on the money 
invested, falls between these years. The financial rotation is length- 
ened by low yields, low stumpage values, and high initial investment, 
while the opposites of these shorten it. The actual rotation in any 
particular case may be altered from what seems to be the best finan- 
cial rotation by a number of factors, including the purpose for which 
the timber is grown, the condition vi the market, and the occurrence 
of seed years. 

From a silvicultural standpoint a short rotation is highly advisable 
for pure even-aged stands of ash, because of the tree’s root and 
crown requirements. Long rotations in pure stands should be prac- 
ticed only on the best sites, and in some cases where a long rotation 
is desired the stand should be heavily thinned out and under-planted 
after it is 40 to 50 years old, to protect the soil. In mixed stands 
where it is the favored dominant tree ash can often be grown singly 
or in small groups on a long rotation. 


SPECIES FOR COMMERCIAL TIMBER GROWING. 


Species of the white and green ash groups are more desirable for 
commercial timber growing than those of the black ash group, because 
their wood is superior in mechanical properties and because they are 
usually faster growing and attain greater length and clearness of bole. 
There are two classes of sites, however, where for silvicultural reasons 
it may be advisable to grow ash of the black ash group—namely, blue 
ash on dry limestone formations of the Central States and black ash 
im northern swamps. 

There is no great variation in the mechanical arooutie of the 
different species of the green and white ash groups, and little or none 
in the sale value of lumber of the same grade from different species, 
so that the selection of species for commercial growing from these 
groups depends entirely on their silvicultural qualities. In general, 
the species which is most common to the region and character of site 
in question should be used. The growing of species outside their 
natural habitat (of region and site) should never be tried on more 
than an experimental scale. White ash will be the species to use, 
as a rule, in the New England, Middle, Central, and Lake States and 
in the hills and mountains of the South; and green ash on river 
bottom land of the Southern, Central, and Plains States. Of very 
minor importance will be the growing of Oregon ash on the Pacific 
coast and of leather-leaf ash (/. velutina) in the Southwest (the latter 
for shade, ornament, and protection). Biltmore ash is an important 
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supplementary species to white ash and can be advantageously sub- 
stituted for it on drier soils in the Central States and in the southern 
Appalachians at an elevation of from 1,000 to 2,500 feet. Texas ash 
is the natural substitute for white ash on uplands in central Texas, 
but is not important for commercial timber growing. Red and 
pumpkin ash are two excellent substitutes for green ash, the former 
adapted to somewhat drier soils and more rigorous climate than green 
(extending farther north), and the latter to somewhat wetter soil 
conditions in the central and eastern parts of its range. 

Possibilities of reforestation by natural reproduction are quite good 
with white and green ash, but naturally very limited with the other 
less abundant species. 

In planting or sowing ash it is advtuabib to use seed from trees of 
species common in the region (and on similar sites, if possible) where 
the reforesting is to be done, or from a region with a slightly more 
rigorous climate. Also seed should always be secured, if possible, 
from vigorous, rapid-growing individuals. 


NATURAL VERSUS ARTIFICIAL REFORESTATION. 


Wherever it is possible to secure natural reproduction by using 
such methods as are described later every effort should be made to 
do so. Artificial reproduction is more expensive and less certain of 
ultimate success. Planting should be confined to spots where natural 
reproduction is incomplete or to areas where there is no possibility 
of natural growth. It will sometimes be more advisable, however, 
especially on cheap land, to spend money for disengagement cuttings, 
to liberate the ash and other desirable species from suppression, 
rather than for supplementary planting work. In other cases it 
may be well to divide the money to be spent between planting and 
disengagement work. In general, the more expensive the land and 
the higher the stumpage values the more profitable will it be to 
spend money on artificial reproduction in order to secure fully stocked 
stands with the largest possible per acre per annum growth instead 
of being satisfied with incomplete natural reproduction at no expense 
and giving smaller yields per acre. For instance, Table 18 shows 
that a 5,000 yield on $20 land with no cost of esablishment will not 
pay as well as a 10,000 yield on the same with $5 to $15 cost of estab- 
lishment, while on $5 land a 5,000 yield without-cost of establishment 
would pay best. Similarly the less the natural yield capacity of the 
soil and the lower the stumpage values the less likely is it to be profit- 
able to spend money in establishing a stand. 

Adequate reproduction of ash, resultmg in highest yields, demands 
that on every separate square rod of space there should be at the 
start a minimum of one thrifty ash seedling, together with at least 
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three other good seedlings of ash or other species, an absolute mini- 
mum of 160 ash trees per acre spaced about a rod apart each way, 
and a total minimum of 681 trees per acre of all species. This cor- 
responds roughly to a spacing of 8 by 8 feet. For the sake of safety 
it is best to have two or more ash seedlings on every square rod at 
the outset. The important point in production of high. per acre 
yields is, not the total number of ash seedlings per acre but the num- 
ber of individual square rods on the acre which have ash seedlings 
on them. It is best therefore to plant the square rod areas having 
no promising natural reproduction of ash on them. 

The total area where natural reproduction of ash is possible is very 
small in comparison with the possible area where it can be artificially 
established with success, as it very seldom forms a sufficient propor- 
tion of the mature stand to reproduce itself adequately. The princi- 
pal species for natural reproduction are the most abundant ones, 
which are white, green, and black ash; the other species, where 
desired will usually have to be artificially established. 


REFORESTING BY NATURAL MEANS. 


* The methods described here apply to all stands, pure or mixed, 
where the object is to remove the mature stand in such a way as to 
secure as much natural reproduction of ash as is possible. Methods 
of cutting (see pp. 42-44) should be used which will bring about the 
production and dissemination of as much seed as possible over the 
area, and which will assist in providing suitable seedbed and light 
conditions for germination and seedling establishment. In many 
cases additional work may be necessary, such as cutting out worthless 
‘material and underbrush to improve conditions for seeding and seed- 
ling growth, and later on when the ash seedlings are several years old 
disengagement cuttings to free them from crowding or suppression. 
All possible use should be made of seedlings and seedling sprouts 
already on the ground, as these will usually recover and grow well 
when the mature stand is opened up. If such growth is scraggly it 
can be cut back near the ground and allowed to sprout up again, 
which is especially advisable where it is over 5 feet in height and 
even in the case of small poles up to 20 feet in height. The mature 
trees should be cut with low stumps, so as to encourage sprouting 
from near the ground (below the root collar), which sprouts will form 
independent root systems and make the best trees. 

Any attempt to secure natural reproduction of ash assumes the 
occurrence, in the stand to be cut, of ash trees which can be used for 
. seeding purposes. It will often be possible to remove the mature 
stand in such a way as to secure so abundant a reproduction that 
ash will be one of the leading species in the new stand, though in the 
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old stand it may form but a very small proportion iss OLN fee) 
perhaps only three or four seed trees per acre. 

The fact that white and green ash have male and female flowers 
borne on separate trees will not usually interfere with ash reproduc- 
tion cuttings, as such cuttings will be made after it is apparent that 
there is going to be a good seed year, and the tree which will have the 
most seed can be picked out and reserved. In preliminary reproduc- 
tion cuttings (to mduce seed production) it should be remembered, 
however, that one large-crowned male tree per acre will pollinate 
more than enough fiowers of female trees on that acre, and the remain- 
ing males can be removed if desired. Determination of sex can be 
made by marking trees which bear seed (female trees) in advance of 
such cuttings. In mixed stands with a small percentage of ash and 
where the sexes have not been determined, it will be best to leave all 
large-crowned ash trees. 


METHODS OF CUTTING. 


The methods of cutting to secure natural reproduction of ash may 
be grouped under two general systems; the shelterwood system and 
the clean-cutting system, the former bemg adapted to all sites on 
which ash grows, the latter to a limited range of sites. The best 
method to use in any particular case depends on a number of factors: 
The species to be reproduced; the site, especially soil moisture and 
soil covering; age and density of the stand, including the amount 
and character of the undergrowth; and proportion of ash in the mature 
stand. 


SHELTERWOOD SYSTEM. 


The shelterwood system consists in the more or less gradual removal | 
of the mature stand, allowing reproduction to get well started under 
the shelter of the mature stand before removing it entirely. This 
system is especially suitable to upland white ash, as it preserves soil 
moisture, aliberal amount of which is necessary for germination and 
seedling establishment. The method of cuttmg to be used varies 
with the density of the stand. 

In comparatively dense stands the mature trees should be removed 
in two or three cuttings: First, a seed cutting, often unnecessary, 
consisting in opening up around ash trees (and trees of other species 
it is wished to favor) to induce them to seed freely; second, a heavy 
thinning or partial clearance m the year of good seed production, 
removing one-quarter to one-half of the volume of the stand; third, 
removal of the remaining stand a year later or as soon as practicable 
aiter reproduction has taken place. Where these cuttings are made 
with reference to a number of small areas—thmning out around 
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individual trees or small groups of trees of less than a quarter acre in 
area—which are gradually enlarged until they meet, it is called the 
shelterwood group method, and where the general cuttings are made 
uniformly over a considerable area it is known as shelterwood com- 
partment method. The latter method is suitable for comparatively 
regular forests, while the former is more applicable to irregular 
forests, including overmature natural forests, and hence is the one 
to be most often used under present forest conditions. The compart- 
ment system is preferable where possible, because it involves less 
expensive and complex silvicultural and lumbering operations. 

In broken or open stands, where ash seed trees occur with com- 
paratively free crowns, the first and second cuttings may be very 
much restricted or even omitted altogether. There will usually be, 
however, in such stands obstructing undergrowth which should be 
removed when there is a good seed year, preferably cut with a brush 
hook or bolo in the late summer so as to encourage the feeble growth 
of tender sprouts which otherwise will likely be winterkilled. The 
mature stand should be removed as soon as possible after reproduction 
takes place. Much of the black and blue ash seed will lie over and 
not germinate till the second year, which may delay removal of the 
mature stand. Previous to the fall of seed much work can be done 
in the way of preparation of the seedbed, especially where it is thick 
and dry: (1) Wounding of the soil in logging operations; (2) burning 
of the forest floor; (3) turning in stock, especially hogs. This kind 
of work is not necessary when the cover is prevailingly of pine needles, 
as ash seed can work its way through (PI. XIV, fig. 1). If reproduc- 
tion is inadequate at the first seeding it will not pay (except perhaps 
with green ash) to wait for another seed year, the area snot be cut 
clean at once and fail spots planted up. 


CLEAN-CUTTING SYSTEM. 


This consists in clean cutting the stand when there is a good seed 
year at hand. Seed is secured: (1) By making the cutting after the 
seed has fallen; (2) by making strip or border cuttings 100 to 200 
feet wide on the most protected side of the stand, or by clean cutting 
in patches 100 to 300 feet wide, so that seed may be secured from 
trees in the adjacent stand; (3) ine clean cutting except for scattered 
seed trees or groups of ees several good seed trees or groups to the 
acre if possible, well ciebabuaed: Gleancentine methods are adapted 
only to moist or wet loamy soils with an open seedbed. Preparation 
of the seedbed as described for the shelterwood system will often be 
advisable. Green ash on southern river bottom lands is especially 
adaptable to this system, but the other species of ash are much less so. 
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PLANTING OF FAIL SPOTS AND DISENGAGEMENT CUTTINGS. 


A year or two after the seeding of a new crop (simultaneously with 
the removal of the remaining shelter stand under the shelterwood 
system, or during the first good season for planting which foliows) 
it is very desirable to go over the stand and plant one or more vigorous 
young ash seedlings in every square rod which has no reproduction 
of ash or other desirable species. Some places may be covered with 
a thick growth of inferior species, in the middle of which a square 
yard or so is cut clean and an ash seedling planted. Other square 
rods may be fail spots for reproduction of any kind, and here four 
(approximately 8 by 8 feet) or more seedlings should be planted, but — 
not necessarily all ash. 

Another important thing to be done at the time or within five 
years (the sooner the better) of the final cutting of the remaining 
mature stand is disengagement work. This consists in freeing the 
crowns of a certain number of well-distributed and vigorous ash seed- 
lings (and desirable seedlings of other species) from injurious crowding 
on the sides and from overhead suppression by lopping off the less 
desirable seedlings with a corn knife or brush axe. At least one well- 
freed, vigorous seedling should be left on every square rod, and 
preferably three or four seedlings of desirable species. One man 
should be able to cover one or two acres a day in this kind of work. 


REFORESTING BY ARTIFICIAL MEANS. 


Artificial reforestation of ash is expensive, and should be limited 
to cleared fields and pastures and to the choicer forest sites in the 
natural habitat of the particular species to be grown. 

There are three general classes of artificial reforesting advisable for 
ash: (1) Planting on cut-over forest areas (including fail-spot planting 
in naturally reproduced stands); (2) dibbling in or sowing of ash seed 
under cover of mature stands (with good soil moisture conditions) to 
be removed the following year, or sowing immediately after clean 
cutting of stands on moist, fertile, loamy sites free from undergrowth; 
(3) planting or sowing of cleared areas, including chiefly old fields 
and pastures. Underplanting of areas to be cut over later will 
seldom if ever be advisable. 

In regard to the question of plantimg versus sowing, the former is 
of much more general application and more certain of success; while 
the latter is much the cheaper, and under some conditions has good 
possibilities of success. 

PLANTING. 


Seedlings for planting should be nursery grown, as a rule, since 
they are cheaper and much more likely to survive than wild stock. 
Wild stock seedlings might be used locally to a very limited extent 
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for fillimg in spots, when it is not convenient to get nursery stock, 
and when it is possible to dig them up from near-by spots where they 
are unnecessarily thick, and to transplant with great care. Wild 
stock seedlings to be planted in comparatively open spots must be 
taken from situations with similar shade conditions. Young (1 to 
3 years old), vigorous, straight seedlings, under 2 feet in height, 
should be secured if possible. For nursery-grown stock 1 to 2 year 
seedlings, 6 inches to 2 feet high, are preferable because cheaper, 
more easily planted, and usually more likely to succeed than older 
and larger stock. 

The general spacing for plants on cut-over areas has already been 
referred to (see p. 41). In general, 8 by 8 feet each way will be all 
right, with every other tree an ash, although on drier and poorer sites 
6 by 6 feet should be used. Where there is danger of suppression 
by undergrowth or natural growth of any kind, vigorous plants 2 to 4 
feet high (2 to 3 years old) should be used, but otherwise piants 
one-half to 2 feet in height (1 to 2 years old) will be sufficient. 

In planting fields and pastures the spacing should be 8 by 8 feet 
_ where it is possible to cultivate and to grow field crops several seasons 

between the rows; where not cultivated, 6 by 6 fect spacing (or 5 by 5 

if soil is dry) should be used, except on unusually moist fertile soil, 
where 7 by 7 or 8 by 8 is all right. It is possible to plant as few as 
one-quarter of the trees ash, and by subsequent favoring to make 
them form practically a pure stand. In this case every other row 
could be of another species, and the remaining rows of ash alternating 
with another species, which would result in the following number of 
ash trees for the different spacings: | 


Ash plants | 


Total per acre 
Spacing. | plants per (one- 
acre. quarter of 
the total. 
Feet. 
5 by 5 1, 743 436 
6 by 6 1, 210 303 
7 by 7 889 222 
8 by 8 681 170 


Table 19 gives the species suitable for planting with ash. 
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TABLE 19.—Species for planting in mixture with ash. | 


x Species of ash to be planted. 
Sit White ash. Green ash. 
Bie Biltmore ash. Red ash. Black ash. 
BAS A SE SARE SA oe SA lS EE Ee l 
Best species to plant in mixture. 
Pies todryi...c24o0-- Hard maple.1 White pine. 
White pine.? Silver maple. 

Black locust.1 Russian mulberry.1 
Red oak.? Red oak.2 
Beech.1 European larch. 
European larch.? 

Moist-to wet=< 2 -5...2 5 White pine. ; Cottonwood. White pine. 
Silver maple.4 Willow.? Spruce. 
Cottonwood.3 Red maple.! Larch. 
Yellow poplar. Loblolly ppm. 2 Elm. 

| Cypress.2 
Yellow poplar. 3 
Pin oat. 
SAM As oqosoauee oneud| SonsasbosuceceSodeooscosuoagedlancucasconsaeedsseceonenncoces Spruce.? 
American larch.? 
Elm. 


1 Secondary tree; not liable to overcrowd ash. 

2 Principal tree; ‘not liable to overcrowd ash. 

3 Principal tree; liable to overcrowd ash, and should be sparingly planted and given plenty of room in 
mixture with ash. 

4 Secondary tree; liable to overcrowd ash and should be thinned out subsequently where necessary, or 
cut back and allowed to sprout up again. 


The general rule should be to cultivate the planted ash stands 
twice a season for two or three seasons wherever practicable (PI.XV), 
except, perhaps, on the best moist, fairly well drained, permeable 
loamy sites, such as fertile alluvial river bottoms, where the trees 
will take hold and grow well without cultivation. 

COST OF PLANTING. 


The cost of planting on unprepared sites, where plowing or culti- 
vation of any kind is impracticable, will range about as follows: 


Cost of seedlings (delivered at the site). ............... $2 to $6, average $4 per 1,000 
Costolsse thie 220 hss er Ak ob ani ee eee 3to 9, average 6 per 1,000 
otal. Yo... 2 Pe es st Se. «ee eee 5 to 15, average 10 per 1,000 


This is figuring that one man at $1.25 to $2 per day will plant 200 
to 400 seedlings per day. Home-grown seedlings could often be 
produced for less than $2 per 1,000, so $4 for average cost per 
1,000 of seedlings is conservative. 

Using $10 per 1,000 (a very liberal sshosne to allow even for cut- 
over ioe: land) for cost of plantations, their cost per acre for 
different spacings would be as given in Table 20. 


TABLE 20.—Cost per acre of establishing ash plantations on unprepared ground with cost 
of plants $4 per 1,000 and cost of setting at $6 per 1,000. 


iS] ORTON AY Ea: Se Se eee SO Sem Ce meen eaeee Aye feet..| Sby 8. U lone Ce 6 by 7. 6 by 6. DiDyOses 
Sumbervot plants cessse 82 ee ee 681 889 1,038 1,210 1, 743 
C PSL OL PIANC sai toner we ee eee saree ce ye $2. 72 $3. 56 $4. 15 $4. 84 $6. 97 
WOSTRON SEU ge Socata ee = See ee eee ye ee 4.09 5.88} 6. 23 7. 26 11. 46 

FBO taLE se. Tate Aye eo MN Dede Bo ee 7.81 8. 89 10. 38 12:10) 2° <07.43 
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Wherever possible it is advisable to prepare the land by plowing. 
The cost of setting the seedlings on prepared ground will be much 
less—not over $2 to $3 per 1,000—while the growth of the seedlings 
will be much increased and the number of failures much reduced. 
The total per acre cost of plantations of different spacings on prepared 
ground, allowing $2.50 per 1,000 for cost of setting, $4 per 1,000 for 
the plants, and $1 to $6 for cost of preparation and subsequent culti- 
vations, is shown in Table 21. 


TABLE 21.—Cost per acre of establishing ash plantations on prepared ground with subse- 
quent cultivations, seedlings to cost $4 per 1,000 and $2.50 per 1,000 for setting. 


Cost per acre of preparation and cultivation. 


Spacingy ie ec peasl | $2 | $3 $4 $5 | $6 
Total cost of plantation per acre in dollars. 
Feet. 
8 by 8 681 $5. 42 $6. 42 $7.42 $8. 42 $9. 42 $10. 42 
7by7 889 6. 78 7. 78 8. 78 9. 78 10. 78 11.78 
6 by 7 1,038 7.75 8. 75 9. 75 10.75 11. 75 12. 75 
6 by 6 L 210 8. 87 9. 87 10. 87 11. 87 12. 87 13. 87 
5 by 5 ih 743 12. 31 13. 31 14. 31 14.31 15. 31 16. 31 


The cost of preparation varies from $1 to $3, depending on the care 
with which it is done and the cost of labor and animals; plowing of 
wide-spaced furrows without subsequent cultivation can be done for 
$1 an acre or less. 

Two cultivations a season for two seasons will cost 50 cents to $1 
per cultivation, or $2 to $4 for the two seasons. All cultivations 
should be given before the ist of June, as ash does practically ail its 
growing before the middle of June or the Ist of July. Where the 
stand is to be cultivated, wider spacing can be used (6 by 6 to 8 by 8) 
on sites where the dryness of the soil might require closer spacing if 
not cultivated, a saving in plants and cost of setting which would 
much more than pay for the costs of cultivation. On the heavy soils 
_ of the treeless and hardwood regions cultivation is almost a necessity 
to keep down grass and conserve moisture. 


PLANTING WITH FIELD CROPS. 


This is the best of all methods of establishing ash plantations on 
fields, as it will often be possible, by growing field crops the first two 
seasons, to pay for the cost of establishing the stand and having it 
cultivated four or five times in a season. Corn will be the usual crop 
to grow. The field, after being plowed (preferably the fall before), 
should be disked and marked off 4 by 4 in early spring, and ash 
seedlings planted in alternate rows spaced 8 feet apart insthe row, and 
corn planted 4 feet apart in rows with no ash and 8 feet apart in the 
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rows which contain ash. About four cultivations a year will usually 
be necessary for growing corn. Instead of planting ash seedlings, 
seed spotting may sometimes be used on better sites in connection 
with field crops. 

On the Indiana State Forest, a 3-year plantation of green ash on 
upland, in which corn was grown the first two seasons, averaged a foot 
higher and’was in much thriftier condition for more rapid growth 
than a 6-year old plantation on slightly better soil but not cultivated. 


DIRECT SOWING. 


The comparative cheapness of direct sowing makes it sometimes 
advisable, instead of planting, where there are good chances of suc- 
cess. The seed-spot method is the one to use: (1) For dibbling in 
seed under the broken cover of a mature stand to be cut in a year or 
two, with fair-soil moisture conditions; (2) for sowing on cut-over 
areas free from undergrowth immediately following clean cutting of 
the mature stand, on good moist loamy soil; and (3) for sowing on 
cleared land, such as pastures, which it is not possible to prepare by 
ploughing. A pound to two pounds of seed will easily sow an acre, 
allowing 5 to 10 seed per spot and a close 4 by 4-foot spacing of spots, 
which is advisable in direct sowing. The holes should be dug 8 to 
12 inches square and 3 to 4 inches deep (with a mattock or heavy 
turfing hoe), the soil broken up fine and hghtly tamped down, the - 
seed put in and half an inch of fine earth sprinkled over it. If hese 
is any sod this can be placed, grass side down, around the edge of the 
hole so as form a sort of trench to hold moisture. The cost of seed- 
spotting, including seed, should not average over $4 per 1,000 spots, 
which is equivalent to $10.89 per acre for 4 by 4 spacing, $6.97 for 
5 by 5 spacing, $4.84 for 6 by 6 spacing, $3.56 for 7 by 7 spacing, and 
$2.72 for 8 by 8 spacing. 

Methods to use on prepared ground are: (1) Ploughing area, 
broadcasting 3 to 4 pounds of seed per acre, and harrowing it in 
(2) seed spotting at 4 to 6 foot intervals in Moaened furrows 4 to 6 
feet apart. The total per acre cost would be about the same in both 
cases, $5 to $10 per acre. 


THINNINGS. 


Thinnings in crowded stands should be made an important feature 
in the management of ash (Pl. XIII). It is an intolerant but per- 
sistent tree, developing very rapidly in height, when crowded, at 
expense of diameter growth, resulting in spindling trees with short 
narrow crowns and long slim boles (PI. VIII, fig. 2). It is, however, 


very responsive to thinnings made to increase its diameter growth 
(BL Xu. fio 1), 
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PLATE XIV. 


FII240A 

Fic. 1.—Dense natural reproduction of white ash in a 60-year-old white pine stand heavily 

thinned 3 years ago, in which there was a slight admixture of white ash seed trees. There 

was also abundant white pine reproduction, but this has been outgrown by theash. In 

removal of the mature stand the ash reproduction should be preserved and the pines, 

which survive the suppression, allowed to continue as an understory till the ash becomes 
merchantable and is removed, when the pine will form a second crop. 


FI3351A 


Fic. 2.—Black ash sprouts, northern Michigan, 16 feet tall, 8 years 
old, from stump 230 years old. Some sprouts from above and 
below the root-collar; the former should be cut. 


REPRODUCTION OF ASH. 
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F1I3352A 


Fic. 1.—Green and red ash, 8 to 20 feet, average 13 feet high; planted 5 seasons ago, 
spaced 5 by 5 feet; one-year seedlings used and cultivated 2 seasons. The tallest trees 
with stoutest twigs are red ash, which bore seed the fourth season after planting. 


FI3354A 


Fic. 2.—Green ash 2 to 6 feet, average 314 feet high, near those in figure 1. 


One-year seedlings planted with iron spud 6 seasons ago but not 
cultivated. 


ASH PLANTATIONS IN THE INDIANA STATE FOREST. 
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FI2818A 


Fic. 2.—After thinning, crowns were free. Crowns should be at least this distance 
apart after thinning to secure good development of the trees left. 


LOOKING UP INTO THE CROWNS OF A TWENTY-YEAR-OLD 
WHITE ASH STAND. 
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The comparative growth of trees with varying amounts of growing . 
space is shown in Table 22, giving the growth in 10 years of different 
crown classes;! predominant, dominant, codominant, intermediate, 
and suppressed. By thinning it is possible to make dominant trees 
out of desirable codominant and intermediate ones which are being 
_crowded by less desirable trees, especially of other species. 

By thinnings it should be sneetole in some cases to secure the 
board-feet yields indicated in Table 18 from 5 to 10 years earlier, 
and increase accordingly the possible interest rate on the money 
invested, provided the thinnings can be made to pay for themselves. 

Very slight crowding of ash when comparatively young will develop 
long, straight, clear boles. As soon as these are established it is 
best, in order to get the most valuable development of the stand, 
to thin out so that each tree which is to form a part of the final crop 
will have its crown practically free on all sides (Pl. XVI). It will 
usually be sufficient for purposes of heavy thinning if the boles are 
clear for 25 feet or more from the ground, or if the branches are all 
dead up to that height. 


TABLE 22.—Relation of crown class, age and size of trees, and size of crown, to rate of 
growth in diameter and volume of white ash in New York, growing im comparatively 
even-aged dense stands. 


TREES ON SANDY LOAM SOIL, OSWEGO COUNTY, NEW YORK. 


Growth in last 


Average. Average crown. 10-years: 
rata ce j 
Branch- In vol- 
Crown class. Diam- nuood ee ume of 
- . Qi I= = A 
Age. ee Height. | Length. | Width. Grtnore gimetelt ey Basis. 
high. in di- inside 
ameter. bark. 
Years.| Inches. Feet. Feet. Feet. Cu. ft. Inches. Cu. ft. Trees. 
Suppressed . ..- - - 32 4.1 45.1 17.2 tO OR eee eeeee Vigde 1.02 8 
Dominant... 2. | 41 IHR 67.1 28.1 19.8 216 See 10. 00 | 31 
Codominant...-. 41 9.2 65.9 23.8 16.3 212 223 6.31 41 
Intermediate. - - -| 40 7.0 Wie 22.8 13.4 -05 1.3 2.65 16 
Predominant... | 60 17.4 68.7 40.1 29.2 10.88 Pett 15.41 7 
Dominant....... 60 GS 7/ 77.9 BBY 7 23° 2, 4.7 207; 14.76 17 
Codominant....- 60 12.4 74.9 27.9 Fed) USGy/ 1.8 7.94 15 
intermediate. . -.| 60) 9.1 69.3 24.6] 16.0 WH 1.3 3.98 6 
Predominant... | 85 19.1 90.9 | 3557) |) LESOLSRL tt 8:78 4.5 30. 30 / 3 


1 Under predominant, dominant, and codominant are included all trees which go to form the upper or 
main crown cover: (1) predominant, trees with crowns well above those of other trees; (2) dominant, trees 
with well-formed crowns, receiving light on allsides; (3) codominant, trees vith uneven crowns and crowded 
on the sides. The intermediate amd suppressed classes include overtopped trees below the upper crown 
cover; (4) intermediate, receiving some direct sunlight on tips of crowns; (5) suppressed, with tips of crowns 
shaded. 
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TABLE 22.—Relation of crown class, age and_size of trees, and size of crown, to rate of 
growth in diameter and volume of white ash in New York, growing in comparatively \ 
even-aged dense stands—Continued. 1 


.TREES ON CLAY SOIL, OTSEGO COUNTY, NEW YORK. 


| 
Growth in last 


Average. Average crown. 10 years. 
i. Branch- In vol- 
Crown class. Diam- wood = ume of 
eter F . 2 inches di- stem- . 
Age. breast- Height. | Length. | Width. arora | aniotor aad Basis. 
high. in di- inside 
ameter. bark. 
Years.| Inches. Feet. Feet. Feet. Cu. ft. Inches. Cu. fé. | Trees. 
Suppressed ...-.- 66 7.0 68.1 12.0 30) |e aoe je2 2.62 
Dominant.....-. 75 13.6 83.6 29.3 20.1 PREY; 2.0 9.68 
Codominant..... 76 12.5 85.5 24.4 15.7 1.83 iL 6.96 
Intermediate. ... 76 9.7 77.9 22.1 12.4 54 1.0 4.09 
Predominant....- 105 19.7 94.6 40.0 24.0 9.50 2.1 16.33 
Dominant .--.23- 105 15.8 89.9 28.7 18.7 4.32 1.4 9.44 1 
Codominant..... 105 12.5 83.4 20.1 14.2 1.44 age 3.95 
Intermediate... 104 11.6 80.3 26.5 14.5 1.50 1.0 4.38 
9.6 78.3 30.5 13.0 .38 1D 4.24 


NOMwoOOrFe HoOnmT 


Suppressed...--- 106 | 


Liberal growing space for crowns is especially important for ash 
over 35 years old, to enable it to lay on diameter growth. In general, 
however, trees in stands under 35 years of age should be kept slightly 
crowded, being given a medium to heavy underthinning every five 
to ten years, preferably commencing when the stand is 15 to 20 years 
old. When 35 to 40 years old the stand should be heavily thinned, 
amounting to a partial clearance on good sites, and the crowns of the 
remaining trees left free on all sides. : 

Ash on poorer sites is more intolerant and natural thinning more | 
rapid than on good sites; so that the better the site the more impor- | 
tant it is to thin and the greater the yield from thinnings. Figures 
on the rate of growth of individual trees on sandy and clay soils in 
New York (see Table 7) show faster growth in diameter and volume 
during youth on the poorer sandy site, while the reverse would have © 
been the case if the stand on the better clay site had been thinned. 
In unthinned stands of ash under 50 years of age, the board foot 
yield and stumpage value per acre may be actually greater on a poorer 
site because of more rapid natural thinning and higher average 
diameters, although the -total yield in cubic feet, number of trees 
per acre and height of stand is always greater on the better sites; 
this emphasizes the importance of thinnings in ash stands on good 
sites to concentrate the diameter growth into a smaller number of 
trees. 

Money returns from thinning ash stands are already a possibility 
in some parts of the country, and as the supply of ash decreases thin- 
nings will become more and more profitable. The yield from thin- 
nings in some cases can be expected to equal 20 per cent or more of 
the returns from final cuttings of mature stands. 
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SUMMARY OF SPECIES OF ASH FOR MANAGEMENT. 


The species of ash suited for forest management on different sites 
and in different regions of the United States and methods of reforesta- 
tion to be used are summarized in Table 23. 


TABLE 23.—Summary of species for management in different regions. 


Region and character of site. 


(1) New England, Middle, 
and Lake States: 
Dry upland (especial- 
ly south and west 
slopes). 


Fresh to moist upland 
(especially north 
and east slopes). 


Bottomland with fair 
surface or under 
drainage 

SWaI Dae ee eee 


(2) Central States, Southern 
Appalachians and Pied- 
mont regions: 

Dry upland (especial- 
ly south and west 
slopes). ’ 

Fresh to moist upland 
(especially north 
and east slopes). 

Bottomland with fair 

' surface or under- 


(3) Atlantic and Gulf Coastal 
Plain region: 
Fair surface or sub- 
surface drainage. 


(5) Pacific Coast region: 


Rivermilatsessse cesses 


(6) eoutumest: 


Irrigated land.......-.|----- do 


Species to use in | Possibility and 


order of pref- 
erence. 


Blue ash, on rich 
soils only; ex- 
perimental. 


White ash, and ex- 
perimenitally 
Biltmore ash. 

White ash, red 
ash, black ash. 


iBlacksash=4-- a 


Blue and Biltmore 
ashes; on rich 
soils only. 

White and Bilt- 
more ashes. 


White and green 
ashes. 


Black, pumpkin, 
and green ashes. 


Green and pump- 
kin ashes. 


Pumpkin and 
green ashes. 


Red and_ green 
ashes. 
Green and red 
ashes. 


Oregon ash........ 


Leatherleaf ashes 
(F. velutina and 
coriacea. ) 


method of natu- 
ral reproduction. 


Poor; shelterwood 
system; dibbling 
in seed. 


Fair; shelterwood 
system; dib- 
bling in seed. 

Good; clear cutting; 
seed dibbling. 


Fair; clear cutting; 
seed dibbling. 


Poor; shelterwood 
system; di 
bling in seed. 


Fair to poor; clear 
cutting; seed 
dibbling. 


Good; shelterwood 
and  clear-cut- 
ting methods; 
seed dibbling. 

Fair to poor; clean 
cutting; seed 
dibbling. 


Fair; clear cutting 
and shelterwood 
systems. 


Poor; shelterwood 
system. 


Artificial reforestation. 


Planting of 2foot seedlings, 
spaced 4 by 4 to 6 by 6 feet; cul- 
tivation for 2 years essential; 
preferably mixed plantations. 

Planting 6 by 6, or 8 by 8 if culti- 
vated two seasons; cultivation 
advisable. 

Planting 8 by 8, or seed spots. 
Subsequent thinning S. 


Planting of seedlings 6 by 6 feet. 


Planting 2-foot seedlings, 4 by 4 
to 6 by 6 feet; 2 years cultiva- 
tion; mixed plantations best. 

Planting 6 by 6 or 8 by 8 if culti- 
vated two seasons; cultivation 
advisable. 

Planting, 8 by 8, or seed spots. 
Subsequent thinnings. 


Planting of seedlings 6 by 6 feet. 


Planting 6 by 6 to 8 by 8 or seed 
spots. Subsequent thinnings. 


Planting 6 by 6. 


Planting 6 by 6 and cultivated 
two to four seasons. 

Planting 6 by 6 to 8 by 8 and cul- 
tivated. 


Planting 6 by 6. 


Planting 6 by 6. Hardly to be 
advised. 


Planting, irrigation, and cultiva- 
tion four seasons. For shade 
trees and windbreaks only. 
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TABLES. 


BARK TABLE. 
Table 24—Double width of bark of white, green, and black ash. 
FORM TABLES. 


Tables 25 and 26—White ash form tables: 
Table 25—For trees under 75 years in age. 
Table 26—For trees over 75 years in age. 

Tables 27 to 29—-Green ash form tables: 

Table 27—For trees under 75. years in age. 
Table 28—For trees over 75 years in age. 


Table 29—Clear and used lengths of trees of different diameters and heights. 


Table 30—Black ash form table for trees over 75 years in age. 
VOLUME TABLES. 


[Based on Form Tables 25-30.] 


Tables 31 to 37—White ash volume tables: 
Table 31—Volume in cubic feet, peeled, for trees under 75 years in age. 
Table 32—Volume in cubic feet, peeled, for trees over 75 years in age. 


Table 33—Volume in cords, and per cent of bark, for trees under 75 years in age. 
Table 34—Volume in cords, and per cent of bark, for trees over 75 years in age. 


Table 35—Volume and per cent of branch wood. 


Table 36—Volume table in board feet for trees of varying diameters and numbers 


of logs under 75 years In age. 


Table 37—Volume table in board feet for trees of varying diameters and numbers 


of logs over 75 yearsin age. 
Tables 38 to 43—Green ash volume tables: 
Table 38—Volume in cubic feet, peeled, for trees under 75 years in age. 
Table 39—Volume in cubic feet, peeled, for trees over 75 years in age. 


Table 40—Volume in cords, and per cent of bark, for trees under 75 years in age. 
Table 41—Volume in cords, and per cent of bark, for trees over 75 years in age. 
Table 42—Volume table in board feet for trees of varying diameters and numbers 


of logs under 75 years in age. 


Table 43—Volume table in board feet for trees of varying diameters and numbers 


of logs over 75 years in age. 
Tables 44 to 46—Black ash volume tables: 
Table 44—Volume in cubic feet, peeled, for trees over 75 years in age. 


Table 45—Volume in cords, and per cent of bark, for trees over 75 years in age. 
Table 46—Volume table in board feet for trees of varying diameters and numbers 


of logs over 75 years in age. 
YIELD TABLES. 


Tables 47 to 49—Yield of planted groves of green ash in the Plains States: 
Table 47—Yield of green ash in South Dakota. 
Table 48—Yield of green ash in Nebraska. 
Table 49—Yield of green ash in the Plains region. 
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TaBLeE 24.—Double width of bark at breastheight for trees of different diameters and 


species. 
Green ash. White ash. Black ash. 
Diameter j 
preaste ees Trees Trees Trees Trees 
igh. under 75 to a under 75 to re 75 to “ps 
75 years | 149 years | Basis. | 75 years | 149 years | Basis. | 399 years | Basis. 
ol old. old. old. old. 


| | fy SO FO 


Inches. Inches. Inches. Trees. | Inches. Inches. Trees. | Inches. Trees. 


Ble Soc. cers einen ee aaa Macnee CS fe EAE, Oe a ae ene ee ey ea 
3 Bs $y ame amoral GSESeCee AG er Beas sae il | eee eee 
4 HG) th, eos sotoge ee ea see WA ease ye NG ist ese sical |e ee 
5 Bi) Bl eee oe 5 Bt) | es oaae VS REA aastae lee Foe 
6 idl .8 10 6 8 19 Fae eater oe 
7 ofl 9 18 -6 8 19 a) 2 
8 8 29 18 er sy) 15 6 4 
9 8 19 il .8 1.0 23 anil 6 
10 of!) 1.0 19 59 ya 20 8 8 
ll oY 1.0 24 oy) 1.2 32 .8 5 
12 1.0 1.0 30 1.0: 1.3 29 -8 10 
13 1.0 iO 51 ual 1.3 34 -9 16 
14 1.0 sal 67 1.2 1.4 21 1.0 4 
15 1.0 1.1 45 1.2 1.5 28 iG 9 
16 1.0 Itt 52 1.3 1.6 25 1.2 12 
17 LE eal 48 1.4 SZ 21 1.2 4 
18 eat lsat 47 1.5 1.8 9 1.3 7 
19 Vad SE 40 1.6 1.9 14 1.3 5 
20 re iba 42 1.6 1.9 9 1.3 3 
21 1h 1.2 41 US Y 2.0 4 1.3 8 
22 11 1.2 42 1.8 2.1 6 1.3 2 
23 1.1 1.2 32 1.9 2.2 4 1.4 2 
24 1.1 1.2 30 2.0 2.3 1 1.5 1 
25 Ned 1.2 V3} | Ieee Ae 2. 4 2 1.5 2 
26 ied 1.3 7A eee GEGEe PEW) milena ceaee 1.5 | 1 
24 Wee oomoaase 1.3 US) ee sae PAE Al eersciceas C 1.6 2 
71anl oc Bnei oeerse 1.3 Is) eterno Cees 2.6 1 1.6 1 
Oa eet fon tas 1.3 HORS ease ose Qe; 22s ais 1.7 1 
DO eicecs cess 1.4 11) Oy i dane Serie 2.8 1 1.8 1 
Si luk (Se eae 1.4 CS tr ot rece [goal Re ea ee ee ete eee oe 
3)" Sopsaeaose 1.4 he is ae Oo Se Sree eaes ote et eee) ee ee on ted leg 
S8), | banseaeees 1.5 ye eetesstere cere] ects nr= eae seas | Phe psoas | ry ce ne orb 
SAE et ee 1.5 FS Pre Cee Ear ergot belay ete) bag Gtererg eae Oa) INS ae 
Obi aes as oe bs 1.5 Pill ioe, PRES) (apa Jeecetecta| bra yoees | (eae ete epee) be eee 
S Ofer |e sae sae) 1.5 Me ieee Sots ee [ie De ee eg ee ae te Se 
ai ine Gace 1.6 LSE ee Cte al (een) 8 (cleric coed te ree ea Leyes 
Sehihy BeSeonneae 1.6 Disks | P Steleeats, slapava| apm sich s e | eee ree eee erate ye es ELE tha Be 
Sol ees eee Dy IS oS Sean el lm Secs eres SA | Ses eee kOe oe ae [eth te de el ncaa 
AO | asx ers sone 16 2 TES SSA See RAE) Se eae | kee dco eae Se a Pe 
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TABLE De Horn or taper for WHITE ASH trees of different diameters and heights 
under 75 years of age, giving diameters inside bark at different heights above the ground. 


20-FOOT TREES. 


Height above ground—feet. 


Diameter 
breast- 
high. 


rt 


25.45 


3 | 4.5 | 9.15 | 17.3 


33.6 | 41.75 


49.9 58.05 66.2 7s. Basis. 


Diameter inside bark—inches. | 


| 
Inches. | Trees 
Di oese eo OP OOP barahs Paled coma i 1 ehh NS A Ee 53 
Re MeESen PL Sa OL. cOMh Oh erent weap 2 ey | Or MTs Oe Re pee ae ca 5 
Mie Ne Ca laad Oe 4 Uh 3 OEP DADE OE Rea ok MAGN A MAS WS ORAS) ADE BE SIGS Paes ele ae 
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TaBLe 29.—Average total height, clear length, and used length, of GREEN ASH o 
different diameters of a large number of trees cut in South Carolina and Arkansas i 
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BULLETIN 299, U. S. DEPARTMENT OF AGRICULTURE. 


TaBie 31.— Volume in cubic feet of stem wood, exclusive of bark, of WHITE ASH trees 
of different diameters and heights, under 75 years in age; and factors to multiply by to 


reduce to cubic feet including bark. 


Total height of tree—feet. 


A 


mo | 9 | 


Diameter 
breast- 20 | 30 | 40 | 50 60 
high.. 
| Peeled volume—cubic feet, 
Inches. 
Dae any tee 0. 2 0. 2 O33 \GaS ee ee eee 
Sie ee .4 .6 Bers Se ee a eer rc SH gna we He Se ree ret 
1 res eee ee aT Heal ae4 1.8 Qa 
OMe Soe Wea 1.6 Wer Deal 3433 
Giese 1.6 253 Soult 3.9 4.7 
I SSO Be OA OT aa ee one ASD, 1. 83 6.3 
Se ate Maat | Mate 8 4.1 5.5 6.8 8.2 
Oe sa a enone 5.1 §.9 8.6 10.3 
1OfSS Sy cee ee oe 8.6 10.7 12.9 
Tweens | oe cba wae | eee ena od 10.3 12.9 15. 4 
See Olan tee alone ase 12.3 15.4 18.5 
ASE es SS [Rt ell! eal Ropero ege 7.9 22.0 
FEA een 2 | Ses Rie Read es a 21.0] 25.0 
tbs} Spee eee a HEN Pe es See SE ore | Bee 24.0 29.0 
UN Gob SG ete ol cone y oe te | ke ce | pe eee 27.0 33.0 
1 Ey Geen esc ae fac oie my | (ee rel CONN IRs Oe ao 37.0 
[See [ESS eel ie cae one pl See 41.0 
1 IO Yara ee (ee ee itain I et See Ieeteerayl SNE es ate 46.0 
1 Dae page ree | Pe aca I Noe wet = et La ES 51.0 
Dd ss setae | Faint DY Bid pe Se nee |e = eer se 56.0 
Pe Fey ST ae COV Ba PS igh 08 a Mg BS Ee Peek Ree 62.0 


NSS ie 6 65 G0 SUNS G0 SO IL NS 
Sooo CcoooCOC COOP UO UN 


SYD OD OS HR 09 0 DD DD DD et et et 


Factors to 
multiply 
by to 
reduce to 


fea ak ek fe fk Joa feat fk ea rk feo foot fe food feat feat pra fr 
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TABLE 32.— Volume in cubic feet of stem wood, exclusive of bark, of WHITH ASH trees 
of different diameters and heights, 75 to 149 years in age; and factors to multiply by to 


reduce to cubic feet wncluding bark. 


r 


Total height of tree—feet. 


Diameter 

breast- 50 60220 80 90 100 

high. | 

Peeled volume—cubic feet. 

Inches, | 
Gee 4.0 4.8 5.6 
7 eee eS 5.4 6.5 7.6 
Bieter 7.0 8.4 OFSaeantdes 
Ore ere ea 8.8 10. 6 | 12.3) tat 
10S 11.0 13.2 15.4| 17.6 19.8 
1 Patera yer 13.2 15.8] 18.5 21.0 24.0 
5 Riou 15.8 19.0 | DOO oo 28.0 
A See ee 18. 4 DEO een 2600F |e s29s Oe D540 
Laie eee 210) 26208 |= 250104 emots0 39.0 
ee ee 25.0-| 30.0 | 4.0} 39.0 44.0 
16sec ee 28.0 34.0} 39.0) 45.0 50. 0 
basse ee 3250s pe S8h0r 44500 o1s0 57.0 
1S ee ae 35.0 | 42°0'| 50.0; |- 57.0 64.0 
AQ se 39.0 47.9 | 55.01 63.0 71.0 
D0 Rae 44.0 | 52.0 | 61.0 | “7020 78.0 
Py Wiigeiome rane 480).| = 58505|" 672021) s7Z.0 87.0 
DONE aan a 5308) 263000 = 7450 4.0 95.0 
oe ee emaner | Maes oe 69.0; 81.0] 92.0] 104.0 
DASE re ee Nene cess 75.0 88.0 | 100.0 | 113.0 
D5 ea Hote sae 82.0 95.0} 109.0] 123.0 
D6 cera te ee Ae 89.0 | 103.0 | 118.0; 133.0 
TRS Ea Toe ita Stn cee 111.0 | 127.0] 143.0 
a Nelle pagel Meda ibe bere a 120.0 |. 137.0 | 154.0 
PAs NUE pete ee A pipe a 129.0 | 147.0 | 165.0 
BO ago cere steed es | ot a 137. Onl ol 57x Ore eer 
2 Lee Viren pak 9 tt Dae a es 168.0 | 189.0 
32 Fa Rete ee Umea beg 12 Neely ar 179.0 | 201.0 
SOR rs acae [eaten (xn a eee [eee core 190.0 | 214.0 
SSS Ss aye See | ae | eneids eas | 202.0} 227.0 
Ses ae eee Aine sie |oceecceefesceeee 214.0 | 240.0 
Si Sse gy CE | Fei ERO Dae a 226. 0 | 255.0 


es ee os 
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including 
bark, 
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TABLE 33.— Volume of stem in cords,' including bark, of WHITE ASH under 75 years 


in age, for trees of different diameters and heights, and per cent of bark in trees of different 
diameters. 


[Based on taper table.] 


Total height of tree—fest. 


Diameter | | 
breast- |. 20 30 40 | 50 60 | 70 | 80 90 Bark. Basis. 
high. in | : 
VYolume—cords, 
1 
Inches. oA | | Percent. | Trees. 
Se ee 0. 069 0. 014 | 0.017 | 0.022}; 0.026 | UM US 508 ie ee Beal bene aces 18.6 65 
5s Sea - 013 - 02 - 027 . 033 . 040 | 046 054, jasaae eS 18.3 70 
ae eget ee . 020 028 -038 | . 048 . 057 - 067 O76) e235 20522 17.9 81 
Use eRe See 039 . 051 064 076 | 030 102 0. 115 17.6 57 
SRR ee Sneek cee 050 . 067 | 082 . 099 116 132 . 149 17.3 80 
DS iene ial eee O61 . 083 103 . 124 144 164 . 185 17.0 57 
LOS. Bessel bes Saas 22 ee - 103 128 . 155 180 206 . 232 16.7 63 
Ui eas oS aaaceen| SoBe Lee . 124 155 185 216 247 278 16.4 54 
Wes ee rare | am arenes | A ENS 183 | . 220 257 293 . 330 16.1 45 
PSs an Ss SE SERS pees (Saas Ati . 213 . 256 299 342 . 084 15.8 33 
WA Seek oss EN ctheale soe ea Bees {247 . 295 345 394 . 444 15.5 28 
LG Sara aes [een | Baers i aeerese = . 283 . 340 396 453 510 15. 2 19 
AG Seo ee here | Bid a a ere jepeyea ete Bs y7 2087 451 516 .o79 15.0 14 
Sees 2 eRe ened el rents es = leery eye to aie - 433 504 577 . 649 14.7 10 
1 UC res bee eee aac (res tener | em - 484 565 646 7127 14,4 6 
oa eel eetens [SSE eee Mere are . 539 | 629 . 720 . 808 14. 2 6 
2) ee aati ee ere (ee geece| Sees Pee ees . 592 690 789 . 887 13.9 3 
Dees ec Rae A re | es ae S| a . 654 | . 763 872 . 981 13.7 4 
PSSA ESS EIA Oe EOE AAT 836 956 1.075 13.5 1 
| | | 686 
I 


1 To reduce te cubic feet, including stump, multiply the number of cords in¢ach ease by 100. 


TABLE 34.— Volume of stem im cords, including bark, of WHITE ASH 75 to 149 years 


in age, for trees of different diameters and heights, and per cent of bark in trees of different 
diameters. 
[Based on taper table.] 


Total height of tree—feet. 


Diameter i 
breast- 50 60 70 80 $0 100 110 120 Bark Basis 
high. i 
Volume—corGs. 
Inches Per cent. Trees, 
ee eee 0.055 0. 066 Os Oi aa ca sacs, 5 DANG SM oe 2S rere SS See ee Dieres i) 
Toes eens 073 . 088 . 103 OMe oe Ss aa see tes Sees 26.3 8 
Sect eaee 0S4 113 eal Sik: OR se Shee. eR HAS sa eye ee eee 25.4 13 
OR a cee 116 140 . 162 . 186 PAU Tis eee ers al rorset ice dena al [epee Spar a 2405 23 
NOR Se 144 173 . 202 aoe OO rae are | ote age pa ray ee se 23.6 28 
dees se © 172, | .205 240 274 309 COREY. hal Mees ee 5S aces Tea 22.8 42 
Sears eee 202 243 . 283 324 304 AQAA S| sees See ae one 22.0 49 
to eee has: 234 281 328 .313 . 420 467 Of 14a ee ARBs 46 
ae ee -270 324 378 . 431 . 485 539 SH OSI we eee 2035 51 
iS) 308 369 . 43) -492 | - ..554 615 . 676 0. 738 19.8 32 
GAS Soe 347 417 . 486 SOD . 625 694 . 764 . 833 19.1 51 
1 hae See 389 466 . 044 . 622 . 700 777 . 855 . 932 18.4 30 
1h ee 432 518 . 605 . 691 aLattt| 864 . 950 1.037 Rieed 24 
sl ies eres 477 572 . 668 . 162 . 858 953 1.049 (eta 5 iy esa 21 
Dee 523 . 628 SRY 838 . 942 1.046 1.151 1.255 16.5 17 
BAI bn eee 574 . 688 . 803 917 1.033 WAT. 1.261 By H/ 15.9 10 
DD) SE sas 623 . 748 872 997 1.121 1.246 iesyval 1. 495 163° il 
Dee ES Mee Sora eee 812 947 1. 082 OAL 1.353 1. 488 1. 623 14.8 7 
Ee a nag Sete . 882 1.028 1.176 1.322 1.470 1.617 1. 763 14.3 1 
7) Sees Sesame . 949 1.108 1.266 1. 424 1. 582 1.740 1.899 13.8 5 
7 aE ee | Neate ee 1.019 1.188 1.358 S527. 1.697 1. 868 2.037 iBE3! 2 
Pi sees Ss OM oer reteset [acd 1.281 1.465 1.6418 1. 831 2.014 2.196 12.9 2 
FN ah ate | Vee pea ane ee 1.365 1. 562 1. 757 1.952 2.147 2.342 1D 2 
TAs EE a a ees a ae ane a 1. 465 1.675 1. 883 2.093 2.303 2.511 12P 3 
S)LS2S 2 St Shee 6 eee 1.554 5 1.998 2.219 2.441 2. 663 11.7 1 
ae areca eet iS Sy as 2 no iavererane 1. 895 2.131 2.368 2. 606 2. 842 11.4 2 
3 eee eal eae sen So Seeeb See Gaeaees= 2.004 2.253 2.504 2.755 3.005 11.0 1 
| 3 487 


1To reduce to cubic feet, including stump, multiply the number of cords in each case by 100. 
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BULLETIN 299, U. S. DEPARTMENT OF AGRICULTURE. 


TaBLE 35.—Average amount of branch wood 2 inches and over in diameter, in second- 
growth WHITE ASH trees of different diameters in New York, and the per cent which 
vt forms of the total stem volume without the branches. 


A j 
Diameter | Volume! pe cen Diameter | Volume! Pen cont | 
breast- | of branch- eee Basis. breast- — | of branch- Bee ae | Basis. 
high. wood. : high. wood. a 
volume. volume. | | 
Inches. Cubic feet. | Per cent. Trees. | Inches. Cubic fect. | Per cent. | Trees. 
8 0.2 2 16 16 NC il 10 
9 50) 4 11 17 7.0 12 2 
10 10 6 20 i8 8.4 i 5 
11 1.5 7 18 19 10.0 14) ge eee | 
12 2.1 8 21 20 11.6 14 | 5 | 
13 2.8 9 15 
14 3.6 9 9 144 
id 4.6 10 12 | 


1To reduce to cords divide by 100. 


Tas LE 36.— Volume in board feet of WHITE ASH, under 75 years in age, for trecs of 
different diameters and number of logs, scaled by the Scribner log rule. 


[Based on taper curves; scaled mostly in 16.3-foot logs, with a few shorter logs where necessary. Height 


of stump, 1 foot. 


Diameter 
breast- 
high, 


Inches. 


Number of 16-foot logs. 


| | 
res | 2 | 91 | 3 | 33 4 | 43 | 5 
Volume—board feet. 
| | | 

25 38 BON ee eo eae [oeelenne scarce 

27 41 54 POs (eGd Sates “rele Bae RE C2 nie a eee ae 

30 44 60 79 CCTs Re ees ner tet! Presi 

32 48 67 88 Thy Reena PRR oe yee 

35 54 75 100 120 15255 HS orn les 

te ee 62 85 110 140 NON |g es a ee 

aaa 70 95 120 150 190 23071 eee 

aes 80 110 140 170 210 S40 Lok oe 

nee 92 120 150 190 230 570 ee 

gy res 140 170 210 250 SU oonee ere 

Ths bene) Rania (IR rr 150 190 230 280 330 380 
TU erage i | Pariah ps ar 170 220 260 310 370 420 
FU ageek ee 3 aire Rene 200 240 290 350 410 470 
Die | aria. eas 220 270 320 390 450 520 
DOO SE EM rae cet sb ies 240 300 360 430 490 570 
eed | Rea | ee ae 270 330 390 470 540 620 
Sons Gl Ne Betas 300 370 430 510 580 670 


Measurements taken in Vermont, New York, Michigan, Indiana, and Tennessee.] 


! Diameter 

inside 

bark of 
top. 


Basis. 


| Inches. Trees. 
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TABLE 37.— Volume in board feet of WHITE ASH, 75 to 149 years in age, for trees of 
different diameters and number of logs, scaled by the Scribner log rule. 


[Based on taper curves; scaled mostly in 16.3-foct logs, with a few shorter logs where necessary. Height 
of stump, 1 foot. Measurements taken in New Hampshire, Vermont, New York, Indiana, Tennessee, 
West Virginia, and North Carolina. ] 


Number of 16-foot logs. 


Piameter | $<, OO EEEEoT_——EoEoo_OO ees 
1 1 1 inside : 
Sad z | 2 | | tee | 2 | 5% | 6 | barkot | Basis. 
Volume—board feet. top. 
Inches. Inches. | Trees. 
pay Reet Se 32 43 51 00) BEA eae nea oa lesaseasd| Sosoadse saoesabas 6 13 
O er Sas 37 50 60 SO erat cs pc | ea Sere oe eens re 6 23 
ID) ea aie 42 58 70 2 ee eens ae tees [ar orem Mae orere 6 28 
15 eee 49 68 80 LOO tS S SS Sere es eee Ss eee nae 6 42 
er re 57 78 93 120 W4QH Res 2 s.cc oes ses eS al ee 6 49 
SSH ese 66 90 110 130 GO | esis ro ays A ees a es eo Pee 6 46 
1 ees 77 100 120 150 180 200 PR Vilachee cd los seaeee 6 51 
WO eciece 90 120 140 170 200 230 ZOO Giese tae cae ae 6 32 
iGeesencr = 100 130 160 190 220 260 290 330 370 6 51 
17 (Ces aeares 120 150 180 210 250 290 330 370 410 6 30 
LS eee 130 170 200 240 280 320 370 410 460 6 24 
1G) era erie 150 190 230 270 320 360 420 460 520 6 21 
WWirrcee sce 170 210 250 300 360 410 470 520 590 6 ile 
2) lege sas ra 190 230 280 340 400 460 520 590 660 a 10 
er aa ateiecire 210 260 310 380 450 510 590 660 750 7 il 
AB oon eso Ss noatneoe 290 350 420 500 580 660 750 840 8 di 
DA otecere|Rasiciete ak 320 380 460 550 650 740 840 940 9 1 
PSS SCE OS SeOone 350 420 510 610 730 830 940 1,050 9 5 
QO ets eteere ars aicvars ciate 380 460 570 680 810 920 1,050 1,170 10 2 
USA OSCE | SaBo os 410 510 630 760 890 | 1,020 1,160 1,300 10 2 
DOE oes celescs cece 450 560 690 840 980 | 1,130) 1,280 1,440 11 2 
DO ala, arate ia iaacein aS 480 610 760 920} 1,070; 1,240} 1,410] 1,590 11 3 
SUE raste cee |accce cere 520 660 830 | 1,010} 1,170] 1,360; 1,550) 1,750 12 1 
Se eae oe sliea tree 720 900 | 1,100! 1,280] 1,490! 1,690] 1,910 13 2 
SS abe asa Seteced on rae ae 790 990 1,190 | 1,390] 1,620 1,850 | 2,080 13 1 
Sooo ses Sasesesa GaesSeor 860 1,070} 1,290} 1,510} 1,760; 2,020) 2,260 MAS er rstetoere 
OA eyes eke esac oars 2 930 | 1,160 1,400 1,640 } 1,910} 2,200 2,470 uP: ool (ere 
Os be beta Ue oe a 1,000] 1,250] 1,500] 1,760] 2,050| 2,380| 2,690 15 1 
Aa Se ho sss CS eeeece Genesee uf 1,340 1,610} 1,890} 2,210 | 2,560) 2,900 NOs) Sessees 
CY) siacic ee ae eee eee ee 1,160 | 1,440] 1,720] 2,020] 2,360] 2,740] 3,120 16s ecenes 
33) cua seal, eee eee 1,240 | 1,540 | 1,830| 2,160] 2,520] 2,930] 3,350 17 (Siete. 
Bt) Ss Seoean se ISeeeaned eaeeercrs 1,320 | 1,650 1,950 | 2,310 | 2,690 | 3,130) 3,620 7 | ase 
Apennines: 1,410 | 1,760| 2,060] 2,470} 2,870| 3,340] 3,900 185 |e ee 
475 


TABLE 38.— Volume in cubic feet of stem wood, exclusive of bark, of GREEN ASH trees 
of different diameters and heights, under 75 years in age, and factors to multiply by to 
reduce to cubic feet, including bark. 


Total height of tree—feet. HaGtors to 
Diameter multiply by 
breast- 40 | 50 | 60 | 70 | 80 90 | 100 to renee Basis. 
oe caclidige 
Peeled volume—cubic feet. bark. 
Inches. Trees 

LS Aaa Ree 1.4 TUGeee Neste net eee [ea eg eee ANU! bee gies Np toi yo Ral | estore ear ea 1.29 

SBS SSS ee 2.0 Pot Sea bGocoa boobs oeced bhoscHsoud |GocoSScabd| |Sodondsope 1.28 12 
(ih eee 2.8 ond 4.6 Biblio ociee peeter a slemalaeeeewece 1 OY / 14 
Teeth oe os sire 4.8 6.0 (so fat Oe ake eer | ee eles Sex es | Neceusea citar ke 1.25 24 
See 4.6 6.0 7.6 9.1 ON OR ses a eee oe 1. 24 13 
(nes 537 7.4 9.2 TAL 1B <4" eas ae ee ee ee 193 15 
LOSS 7.0 9.1 ie? 1325 16.3 19.3 22 122 21 
[il A eS 10.7 13.3 15.9 19.3 23.0 26 al 25 
TIGA SSeS [ape es ae 12.6 15.6 18.8 23.0 27.0 32 1. 20 24 
11S Yespica levees 14.5 17.9 22.0 26.0 31.0 37 1.19 23 
TAS Re eo eee ee 2 16.6 21.0 25.0 30.0 37.0 43 tS 28 
i SERS Shes see Sosocsess 23.0 28.0 34.0 42.0 49 rls Thy? 19 
Gee SSeS eee acpseeecs 26.0 32.0 39.0 48.0 56 ee7 17 
1y/( Gye ee eee te epeenes 29.0 36.0 44.0 53.0 63 1.16 9 
ISS SSUSsh S| Seeses Baccosaac 32.0 40.0 50. 0 59.0 a LS 7 
HIG) ee Ne a eel (See ee 35.0 44.0 55.0 66. 0 79 1.15 9 
a Gane Eee eco oe as 38. 0 49.0 61.0 73.0 87 1.14 3 
Dil ase cea callse codes SoSecaccs|lSoossosace 53.0 67.0 80. 0 96 1.14 2 
I = se tl eee oon lpaeoeane so lodenooccenca 57.0 72.0 88. 0 106 if, 1183 2 
FB eo ee | ee er es Seo oon coS 63.0 79.0 96.0 116 1118} 3 
Ae een a Pets SA Al spas | ia atatotelsieisi= 68. 0 85.0 105. 0 126 1.12 1 


278 


Ribe Jerse R AE ne eee een eS 


6023°—Bull. 299—15—_6 


82 


TABLE 39.— Volume in cubic feet of stem wood, exclusive of bark, of GREEN ASH trees — 
of different diameters and heights, 75 to 149 years in age, and factors to multiply by to 
reduce to cubic feet, including bark. 


BULLETIN 299, U. S. DEPARTMENT OF AGRICULTURE. 


Total height of tree—feet. 


Factors to 
Diameter py Dy, 
ede 60 | 70 | 80 90 | 100 | 110 | 120 | 130 cubic feet, Basis. 
: including 
Peeled volume—cubic feet. Baris. 

Inches. Trees 
Same es 8.6 10.0 11.5 L2G Fao eee Se eral Ve eT, 6 
Oia eines 10.7 1 2e5) 14.3 OCG (0 ee ee ee | eee een Ea eee allel see ce 1.26 14 
Oss Sass 118374 15.4 17.6 19.8 Die || aiecyoy cso cetera pane gare eu a ae 1.25 14 
Tulgorisece aes 15.8 18.5 21.0 24.0 Pie orem rones| ee en oeyanre ai lean ve pia tik, NUL 1.24 25 
sie e 19.0 22.0 25.0 28.0 32 Bisel eae eeepc cia Wel il 2D 99 
TS MRaga A 22.0 26.0 29.0 33.0 37 AOU} Sea A Saleen eee ee AL 34 
Mag te ee 26.0 30.0 34.0 39.0 43 47 #5) Boel renee Sart 1.20 40 
lee eecas 29.0 34.0 39.0 44.0 49 53 OSh hewn 1.19 47 
LOS 33.0 38.0 44,0 49.0 55 60 66 71 1.19 57 
1 eee 37.0 43.0 49.0 55.0 62 | 68 74 80 1.18 54 
1 Se eas oe 41.0 48.0 55.0 62.0 69 76 83 90 US Lz 58 
iI jecetpaeees 46.0 53.0 61.0 68.0 76 83 91 99 LG 69 
7 Vest ae ee 50.0 58.0 66. 0 75.0 83 91 99 108 5 53 
Dine eer 54.0 63.0 72.0 81.0 90 99 108 117 UGS 52 
Pip aee i i 59.0 68.0 78.0 88.0 98 107 117 127 a4 49 
2s See 64.0 75.0 86.0 96.0 107 118 128 139 1.14 47 
Avera ata bee 70.0 81.0 93.0 105.0 116 128 139 151 1ebS 52 
7A Re EBs 75.0 87.0 100.0 112.0 124 137 149 162 UU 30 
PAG eee et 80.0 93.0 106.0 120.0 133 146 159 173 US Ue 35 
PA POI Se | eee eee 100.0 115.0 129.0 143 158 172 186 eek? 32 
ihe eet steed Bae || Aes A Rar 108. 0 123.0 139.0 154 169 185 200 iL) 29 
AAS Jie RIN | tee aay 114.0 130.0 147.0 163 179 196 212 1.12 18 
SOR eee ee 120.0 137.0 155.0 172 189 206 223 a i 19 
CTU epeeeag gees || pein 128.0 | 147.0} 165.0 183 202 220 238 1.12 20 
SS ids soe te oe || SR at AEE 137.0 157.0 176.0 196 215 235 254 Healt 7 
BB eee || Soeeresannell Fo. on 166.0 187.0 208 229 249 270 USI 9 
oY eae sie ries | Syreres eee Bea oe as 177.0 199.0 221 243 265 287 ill 3 
Bh eee oI IS ees eke aie 184.0 207.0 230 254 277 300 ile a) 2 
Bl a teererersre: || ae ate tine ng |e ae von 192.0 216. 0 240 264 288 312 et 4 
Oliceecoe a [iy eas ger eS ae 203.0 229.0 254 279 305 330 Meal 4 
SBOE Seeker [is eae ee eae 214.0 241.0 268 295 322 348 1.11 3 
a1 Jaen | AR es aie | pn ea ae 254.0 282 310 339 367 i Del i La (eae 
Ceara silent Ne, 10 || a Dea te Pe 267.0 297 327 356 386 idl 1 
Aah art  H e Faeer en ape | Dae eee a tlie AL ea Pate 281.0 312 343 3874 405 Va Sees bree 
Ps OIA SAPs ee SIA ee a ce mgm a Ay pe a Ng ead 294.0 327 360 392 425 Ueda 1 
AS ee sel pias lan) aR apna iy a ogee SHI ney stan 308. 0 343 377 411 446 1 sy ia ees ea 
RASS RES | poe erate Cae ene | a 323.0 359 395 431 467 1.11 1 
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TaBLE 40.— Volume of stem in cords,' includvng bark, of GREEN ASH, under 75 years 


m age, for trees of different diameters and heights, and per cent of bark in trees of different 
~ diameters. 


[Based on taper table.]} 


Total height of tree—feet. 


Diameter 
breast- 40 50 60 70 | 80 90 100 Bark. Basis. 
high. 
Volume—cords. 
Inches. Percent. | Trees. 
Ce eS ea 0. 018 (050722 Gi ee ss a [SB rene Pee Bee es | ee RIG Oar 22.4 7 
bi eect am 026 es Li based rent fl ok BEE Pee ees be DE TE A ee ues SNe ee ee Dia 12 
Gases 036 . 047 0.058 COSC O74 0 es Pim araans eS hag Se EL er Pea og Ree PANO). 2% 14 
Peele oe 046 . 060 075 ie eee CS aL aan 20.2 | 24 
boy S oa ah mnees 057 .074 . 094 113 Bele oe ooalasaesecaes 19.4 13 
Ore ee: 070 091 .113 137 gS Ap eT eye paca 18.6 15 
Li) ae ee 085 111 Siley/ 165 199 0. 235 0. 268 17.9 21 
Ls SA aS i |e Co ee 129 161 192 234 277 319 L492 25 
ND eee altars ais cyare 151 187 226 274 324 379 16.5 24 
UB SSeS a | bean Bes cee 173 213 257 311 375 438 15.8 23 
TG es Fo ne 196 242 291 354 432 505 15.3 28 
Serpe | Peay soe a intel me seis cisceree 271 332 - 402 493 576 14.8 19 
TQ sic SARIS eee ae ee eee 304 378 - 459 560 655 14.3 17 
TP See ie | ee Ne Na a UN eie  S 335 416 -513 618 733 13.8 9 
TUES sd Shay ee A oe (rie 367 455 .970 677 814 13.4 if 
1h9) ee 5 See | ERA es OR RS 401 507 - 635 754 906 13.0 9 
PAD se ee Ringe LSE Bye a ete Mea neh oe ae 432 556 - 695 828 994 12.6 3 
ON as Sais || ate ee Te | ae 605 . 758 .915 1.099 1259 2 
II ex 2 ha ka a er IO | Ae i 647 -8i1l 993 1.193 11.8 2 
DR SA CAN SHG SS A Bes | Bee OReE EEO SeS 709 - 888 1. 087 1.306 11.4 3 
Ate e eyed mayer seats nes peyote aro ccieeno Kyapapa cre meats 763 . 956 ey 2, 1. 407 rlibsal 1 
7 278 


1 To reduce to cubic feet, including stump, multiply the number of cords in each case by 100. 


Taste 41.— Volume of stem in cords,! including bark, of GREEN ASH, 75 to 149 years 
in age, for trees of different diameters and heights, and per cent of bark in trees of different 
diameters. 


[Based on taper table.] 


Total height of tree—feet. 


Diameter j 

breast- 60 -70 80 90 100 110 120 130 Bark. | Basis. 

high. 

Volume—cords. 

Inches. Per cent.| Trees 

See tetirae 0. 109 0.127 0. 146 OS1GE Ss ose Se eee oem scleise se sce eS eemeeees m5 6 
Gry he eee le . 135 . 158 . 180 . 202 (52): Cal Be es Sis erere rorecrsnae 20. 7 14 
Oe aa . 165 -192 . 220 . 248 SOLE [ea re a oe | mere e Sleieiel Emenee 19.9 14 
ie aaa & . 196 . 229 . 262 . 295 SOYA OS SG On ee Sos ee ae 19.1 25 
1D See - 232 . 270 . 309 . 346 . 386 pee al a as SER Ea a a 18.3 29 
1B) Serer - 267 ~ol2 . 356 - 401 . 445 - 490 O85355) | Seeesee see 17.6 34 
1 eS eer . 308 . 360 . 410 - 462 .514 .565 SAO) Ly Al I ee es oie 16.9 40 
1 eens 347 . 405 - 463 .520 -578 . 635 . 694 0. 752 16.3 47 
AGS esse -390 - 455 .520 1 3584 . 650 115 .779 . 845 by, 7 57 
sees 2 siS¥/ . 509 . 982 . 655 PAL . 800 . 872 .945 1b 31 54 
Sees - 484 . 565 . 646 SUA . 807 . 888 - 969 1.049 14.5 58 
19: Ses SO2G8 | = OLG . 704 . 792 . 879 . 967 1.056 1.144 14.0 69 
20 Re raaeiee .572 . 667 - 162 . 858 -952 1.048 1.143 1.239 13. 4 53 
PH) (a es . 623 . 728 . 831 - 935 1.040 1.143 1. 247 esi 12.9 52 
Qpatece aS . 668 . 780 . 890 1.002 1.114 1.224 1.336 1.448 12.5 49 
Doe ee - a2 . 854 .975 1.097 1.219 1.341 1. 463 1.585 pe AL 47 
DA Ie Fah - 788 .919 1.050 1.182 1.313 1.444 1.575 1.706 1D 7/ 52 
De ees te . 844 . 984 1.125 1. 266 1. 407 1.547 1. 688 1. 828 11.4 30 
26s eases .901 1.051 1.201 1.351 1.501 1.651 1.801 1.952 ial 35 
De ean lenis ae case 115198} 1. 284 1. 445 1.605 1.765 1.925 2.087 10.9 32 
Die earn de | eae ci 1.208 | 1.381 15553 1.726 1.898 2.071 2.243 10.8 29 
20 ee lotsa libies wieen'e 1.278 1. 460 1.643 1. 824 Z. 007 2.190 2.372 10.6 18 
30a eee seco 1.347 1.540 1. 733 1.924 Pe MINY/ 2.309 2.502 10.5 19 
Bl Es asl Pease ese 1. 438 1.643 1. 849 2. 054 2.259 2.465 2.670 10. 4 20 
Bes re ies e ane ean ToGPAL |) I CaM 1.955 2.171 | 2.389 2. 606 2. 823 10.3 di 


1 To reduces to cubic feet, including stump, multiply the number of cords in each case by 100. 
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BULLETIN 299, U. 


S. DEPARTMENT OF AGRICULTURE, 


TABLE 41.—Volume of stem in cords, including bark, of GREEN ASH, 75 to 149 years 
in age, etc. —Continaed. 


Diameter | 
breast- 


high. 


Total height of tree—feet. 


60 | 70 | 80. | 90. | 100. | 110 | 

Volume—cords. 

Bie en nr | are oe 1. 846 2.077 2.308 2.539 
Be sees a all cag ie aha 1.961 2.207 2. 452 2.696 
Lis ere ee eee 2.047 2.302 2.559 2.814 
Seep eh eal| = epee 2.135 2.401 2.668 2.935 
Bree el POR a eT 2. 256 2503 2.819 3.101 
MoS erie Peres Se 2.379 2.676 2.974 So20L: 
eA |p, Speen | are ane 2.819 3.132 3.445 
SE horses ioe eee | eae oa 2.965 3. 294 3.624 
Ei AS te See (eee re ies | ES atone Sells 3.461 3.807 
Dee Ree 5 see eae eens 3. 268 3.631 3.994 
eens paeee et ey aay Rye ee as 3. 423 3. 804 4.185 
SOLAR Ape |p Or | ea as 3.586 - 3.985 4.383 


130 


3.000 
3.187 
3.326 
3. 469 
3.665 
3. 866 
4.073 
4.283 
4.499 
4.720 
4.945 
5.181 


10.2 
10.1 


| 
| 
| 


Percent. 


Basis. 


Trees. 


CO He He bo Co CO 


co 
— 
CO | 


TABLE 42.— Volume in board feet of GREEN ASH, under 75 years in age, for trees of 
different diameters, and number of logs, scaled by the Scribner log rule. 


[Based on taper curves; scaled mostly in 16.3-foot logs, with a few shorter logs where necessary. Height 


of stump, 1 foot. 


Diameter 
breast- 
high. 


te aise 
15 24 36 
16 26 38 
17 27 41 
18 29 44 
20 3l 47 
22 33 50 
23 30 54 
SosoEseS 38 58 
Scasseasc 42 63 
SGopeesS| Sosb ones 69 
Bache to5| Poeeouse 75 


ee es ey 


Number of 16-foot logs. 


Measurements taken in South Carolina and Arkansas. ] 


Diameter 


CO 00 20 STAID DDD AAHDMDD ODDO" 
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TaBLe 43.— Volume in board feet of GREEN ASH, 75 to 149 years in age, for trees of 
different diameters and number of logs, scaled by the Scribner log rule. 


{Based on taper curves; scaled mostly in 16.3-foot logs, with a few shorter logs where necessary. Height 
of stump, 1 foot. Measurements taken in South Carolina and Arkansas.] 


Number of 16-foot logs. 


Diameter meses 
b = 2 iL 1 1 = m1 inside ne 
fick: | 23 | 3 | 33 4 | 43 | 5 | 53 | 6 bark of | Basis. 
: top. 
Volume—board feet. 
a a a 

Inches. Inches. | Trees. 
(Senna ees 37 47 C13" || ic See ae (RS aed Vices ea he eae aS RY es a ARO | Veen Pa 6 6 
OS jee 40 52 9) Sac Selle ee heey [eee oe [as Been amin! EE nt er ge 6 14 
TD ea caeyteet? 43 57 74 88 100 120 LSON Saeco Cae 6 14 
eto ee 45 63 83 100 120 140 GOR Pe eet ee ner are 6 25 
1 pee eae 48 69 92 110 140 160 1803 eee ee oes 6 29 
Tee eee 50 74 100 130 160 180 ZAOa Satan soe) paeeeee 6 34 
1k SAS eee 53 80 110 140 170 210 240 270 300 6 40 
tes ce 56 86 120 160 190 230 270 300 340 6 |’ 47 
AG eee 59 93 130 170 220 260 300 340 380 6 57 
U1 (ese cae aa 62 100 140 190 240 280 330 380 420 6 54 
SERS soe 66 110 160 210 260 310 370 420 470 6 58 
1h ee neers 71 120 170 230 290 350 410 460 520 6 69 
ZO soos ee 77 130 190 260 320 390 450 510 580 6 53 
DA Le een 84 140 210 280 360 430 500 570 640 7 52 
DD eh ea ses 92 160 240 310 400 480 550 630 710 7 49 
Dare sank 100 180 260 350 440 | 530 610 690 780 | 8 47 
Age eNy 4 te 120 200 290 390 490 590 670 770 860 | 8 52 
PA ees 130 220 330 430 540 650 740 850 940 9 30 
74 pee 140 240 360 480 600 710 810 930 | 1,030 10 35 
OY (ate See 160 270 400 530 660 780 890 | 1,020] 1,120 10 32 
DS este Se 180 300 450 590 730 860 980 1,110 1,220 11 29 
DAS) eye 200 330 490 650 800 940 1, 080 1,210 1,330 il 18 
3) OPIS 220 370 530 710 | 870 1,020 1,180 1, 330 i, 460 2, 19 
i ne ie al ee 400 580 770 950 1,110 1,290 1, 450 1, 620 13 20 
aaa sel | OP 440 630 830 | 1,030] 1,210; 1,410] 1,600; 1,800 13 7 
Beers aes |Geeeeas 480 680 900} 1,110) 1,320} 1,540| 1,750] 1,980 14 9 
BY Me as 1 a ae 510 730 970) 1,200; 1,430} 1,670; 1,900] 2,150 14 3 
Spyro ee mad eee ae .- 550 790} 1,050} 1,290} 1,540] 1,800} 2,050] 2,320 15 2 
SGapenee be Sane nes 590 840} 1,120; 1,380] 1,660] 1,930] 2,200} 2,490 16 4 
BVWiosenadas Saeclnee Eas ae 900} 1,190) 1,480} 1,770) 2,060} 2,350} 2,650 16 4 
BO conoadel Geaeenere| See aes 960} 1,270) 1,580] 1,890} 2,200] 2,500} 2,820 17 3 
SOS ck sb ded See ee 1,010 | 1,350] 1,680] 2,000] 2,340| 2,650] 3,000 bly (i Ne ee 
AQ eee at osc ocscccies 1,070] 1,420) 1,780] 2,120] 2,480} 2,810} 3,180 18 i! 
La 5 ees (OA ee ae | 1,130} 1,500; 1,880) 2,250} 2,630] 2,990} 3,370 Aish se es 
LOD = 5s 2) | ee oe ee 1,190 | 1,580} 1,990] 2,380} 2,780} 3,170] 3,570 19 1 
CO 2 abana lade eae Peas 1,260] 1,660; 2,090} 2,520} 2,950] 3,380] 3,790 20) See 
LT eS oSrcl Alo Rees eee 1,320 | 1,750} 2,200] 2,660} 3,130] 3,610} 4,000 20 1 


ie) 
—_ 
oo 


TaBLE 44.— Volume in cubic feet of stem wood, exclusive of bark, of BLACK ASH 
trees of different diameters and heights, 75 to 300 years in age; and factors to multiply 
by to reduce to cubic feet, including bark. 


Total height of tree—feet. 


Factors to 
Diameter DY, by 
breast- 60 | 70 | 80 | 90 | 100 | 110 ae ee Basis. 
] ? 
aaa pee YY including 
: ark. 
Peeled volume—cubic feet. 
Inches. Trees 
ale en 5.4 6.3 122 | ceed cceeen | Datioaseooa| aioe siecleeee Nl bees as 
{pas eS Tee 8.5 Oe ask ake boa ectretnisecc eewmoeinios 121 2 
pS eee 9.4 11.0 DDE Gib aersowtees caine re Uaeoeemieers 1.21 4 
Que en 11.9 13.9 1 Lao a [eee ee] eee ened een reer as 1.20 6 
I) ees 14.9 | L768: PO! Biase ea cele ene scerarepee feysreia-eislererete 1.20 8 
11h hes, Spe 17.8 21.0 Ye SEI Wil Wien os Pipe es he eel ok a eae 1.19 5 
a eee a See 21.0 25.0 28.0 Bye ose ae Secs ae 1.19 10 
Lome ees 25. 0 29.0 33. 0 BY Eel |e Oe el ae eS 1.18 16 
1k ea eee 29.0 34. 0 39. 0 AS epee py ip ate ey Seen 1.18 4 
Lee © 33. 0 39. 0 44.0 DOWIE es ES Thy 9 
1Ge sees 38. 0 44.0 50. 0 57 65h ae rake 1.17 12 
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TaBLe 44.—Volume in cubic feet of stem wood, exclusive of bark, of BLACK ASH 
trees of different diameters and height, 75 to 300 years in age, ete.—Continued. 


Total height of tree—feet. 


Haclats o 
: : multiply by 
Diameter to reduce to : 
breast- 60 70 80 90 - 100 110 cubic feet, Basis. 
high. including 
: bark. 
Peeled volume—cubic feet. 

Inches | Trees. 
iy Rein ee 43.0 50.0 57.0 64 7 Pol saree SS 1.16 | 4 
ih G Ste che 48.0 56. 0 64.0 72 802 1.16 7 
Omar oe Rae ee 62.0 71.0 80 COPE io eee 1.15 5 
7A | ilar | Wie ICR ae at 69.0 78.0 88 98 108 Pats 3 
DA paeiies aes (a tie ce Pe 76.0 87.0 98 108 119 084 8 
AEE oA Wee SOUR Late §3.0 95.0 107 119 131 1,14 2 
Fas fo RMA AY. (ree ees MU ae 91.0 104. 0 117 130 143 This 2 
7 Re erat, | (ee ota Se aS 99.0 113.0 127 141 155 1.13 1 
OF as Een AD )| IN aye ang 2 1S el Be a ae een 123.0 138 153 169 (hie 2 
DGS ea RE ee ae ks Se Neem 2 133.0 149 166 183 1.12 1 
et oat [eS e Sere ocean eesereorars 143.0 161 179 197 et? 2 
De fee et eae eae a es 2 S| Rei ah ee 154.0 173 193 212 12a: 1 
Fr eae Gl AE a adena 220 | [eee 2 165.0 186 207 297 Ll i 
5 Ye Re ee Bl pa a ee eS jrcttectcceee 177.0 199 221 243 Teas 1 

| | = 
| | | 116 


TaBLe 45.— Volume of stem in cords,' including bark, of BLACK ASH 75 to 300 years 
in age, for trees of different diameters and heights, and per cent of bark in trees of differ- 
ent diameters. 

-[Based on taper table.] 


Total height of tree—feet. 


Diameter 
breast- 60 | 70 | 80 | 90 | 100 110 Bark. Basis. 
high. 
Volume—cords. 

Inches F Percent. | Trees. 
Sean et 0. 066 0. 077 OsO8Si ee See SS Se a ee ee ee ee 1320s sasee 
i (ae PEE . O88 . 103 Pe i Sf (at eerie ee bate OO SS 6) ee ee ee 17.6 2 
Sri ae . 114 . 133 mes (5 2| eee eae ome tel hi ee ke OF ee CU Dien 1722 4 
QR ew . 143 . 167 ~ 190". coc Beas Ja ets 5 res | a ee 16.8 6 
Qe oe . 179 . 208 FEBS Wisc pe ee See ae eee ee eee eee 16. 4 8 
tise ae .212 . 248 Bo Syl (ea epee SE Reece Soa aA oe aes ek Se 16. 0 5 
1 aie Sina st - 253 . 296 . 338 02380 Fon 2 ee alee ee UG 10 
[ieee . 293 . 342 - 391 BAAD eat She toe ye are en ee TRS: 16 
PAS ee . d41 . 398 . 454 24 Hl Mp be otek BA eae 2) eee See 8 14.9 4 
Lee eee . 388 . 453 .018 A552 11 | ea ote hak | (ee ee Se 14.5 9 
1 (eee ee nee . 442 -516 . 590 . 663 Onis eee 14.2 12 
fF eae ee 495 . 578 . 660 . (42 DE a ne Se 13.8 A 
bs ers ae ce 554 . 647 . 739 . 832 SO7 St eee ae 1B 7 
Ok ee | |S a he . 114 . 815 .918 POLt So sae esses ise 5 
7A) EES paneer ee . 790 . 903 1.015 1.128 1.241 12.8 3 
DAR Geto re a ane eee . 865 . 990 1.113 1. 236 1. 360 12.4 8 
ie Rta hen. -| (ae ape eae ke . 948 1. 083 1.219 1. 354 1. 490 1pea | 2 
Doe ee see ee pape eee 1. 028 PhS eer ae 1. 469 Bed ta a8 17! 11.8 2 
is Ne a ee al | SR Ee ee 1.118 1.277 1. 437 1. 597 1. 756 11.4 1 
DE ee ee es Pe be ee ee eee 1.375 1. 547 1. 718 1. 891 11.1 2 
Gd jee eens | Ia meee ee Re pes ke A Te 1. 487 1. 673 1. 859 2. 046 10.8 1 
De ER aay gn) (een Neer Seana a, Bt oS SN 1. 605 1. 805 2. 006 2. 206 10.5 2 
7a Pee ree | (eb penes eae E Neer een ES 2 1.711 1. 924 2. 138 2. 352 10. 2 1 
DOMES Mies ch ere ee ratte [Sa ee 1. 834 2. 063 2.293 2. 582 9.9 1 
SORE sar ores oe hes | Be ee See 1. 962 2. 208 2. 453 2. 697 9.6 1 
| 116 


1 To reduce to cubic feet, including stump, multiply the number of cords in each case by 100. 
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TaBLE 46.— Volume, in board feet, of BLACK ASH, 75 to 300 years in age, for trees of 
different diameters, and number of logs, scaled by the Scribner log rule. 


{Based on taper curves; scaled mostly as 16.3-foot logs, with a few shorter logs where hecessary. Heigh 
of stump, 1 foot. Measurements taken in New Hampshire, New York, ‘Michigan, and indiana.] tos 


Number of 16-foot logs. 

Diam- Da 

eter eter 
breast- 2 | 23 | 3 | 32 4 | 43 | 5 5E | 6 inside | Basis. 

high. bark 

of top 

Volume—board feet. 
Inches. | | 

ee eu 38 52 Pen Ue Ra I kh clay tne Trees 
Ola anee 42 57 TA NGGG IS Gee Pees (eae ae et |b tales ae |RSS Sere ae Fe aN eat Cn 6 6 
TKS egmclecae 47 63 80 LTO) Ee Sera cael Ie a as pel Lee cen i A en) Oe 6 8 
Tile a se 53 70 90 TAD ics Serial led ase SSE] cetera areal lta leew ero RN ee ae 6 5 
1 OTe aaa 59 80 100 130 GO Reese ee oe ae | eee eos | ae cee 6 10 
i 2) ae eee 66 90 110 150 SOs | eceers Sepa yes Sheena team eae aL i 6 16 
APRA x. 74 100 130 170 200 7A aes eaes a lesa eal lea Poca 6 4 
Mees eee 83 110 150 190 230 260 yee oo oe | 6 9 
AGE eso ae 93 130 170 210 250 290 S40 Fhe a ses| ee ae oer 6 12 
TL fies een IN eh cat ee 140 190 240 280 330 LOE |e | eee 6 4 
1 fo) Ae aah es 160 210 270 320 360 420 460) lees-cenee 6 7 
TIS ites ee | a ea 180 240 300 360 400 460 Ob Paes 6 5 
DORE ere eae rae 190 270 340 400 450 510 570 610 6 3 
DI eepeeerernada Pereeeenep ea iatcre ove cc 300 380 440 500 570 630 680 7 8 
Did ree Teele Oa, ey | es oe 340 430 500 560 630 700 750 a 2 
Fea} Se a | et eae | eae Aaa 380 490 560 630 700 770 830 8 2 
DARD E A Steps) ran adhe My oye 7a ee 430 550 630 710 770 850 920 9 it 
AS Koa Ale ee See eee Sera seeecs 620 700 790 860 940 1, 020 9 ® 
DG eaten ee | asd Dis babe ae son SSor eee 690 780 870 950 1,030 | 1,120 10 1 
OY) 5 4 whee (| ase re bs See |e 770 860 960 | 1,040] 1,130] 1,220 10 2 
FAS aS Omnis Gebel IS SOEs ee ese 850 950 1,050} 1,140} 1,240 1,340 11 1 
Td) So eetaed 4aneeacs| CAGee min Eee ene 930} 1,040] 1,140] 1,240] 1,350] 1,450 11 1 
Bs co doe cal doee cee Cian eee 1,020} 1,130] 1,230] 1,340] 1,460] 1,570 12 1 
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-TaBLe 47.— Yield of planted groves of GREEN ASH in South Dakota. 


Estimate of posts, petals: and fuel 


wood. 
Aver- Num- Aver- oy 
Age | age | Area | berof| Total; age 
Locality. of | height | of | trees ee eae First- | Second- Fuel 
grove eo plot oes Sar per class class Stakes, | Gad 
ees. : posts, posts, | 2-inch to |; . 


acre. | 4inch to | 3-inch to| 3-inch, |2 244i 
6-inch. | 6-inch. ; 


Years.| Feet. | Acres. Cords. | Cords. | Number.| Number. | Number.| Cords. 

IDiRoehalss aadese 0.1} 1,020 2. 24 OR DSi Seek Beil ice eee Re ere | ee 
Wentworth... 14 16 .5 508 2.18 SUS Ie ete ei eat ee 210 4.05 
Lake Preston... 14 20 33 730 4. 43 CDH bey Nee ee 170 570 66 
Hamlina= 3.5 14 22 .5 | 1,160 6.58 7 (i its soe A Eo 302 510 3. 34 
Olivet... =. 18 25 1} 1,200 9. 90 Gata ree ea 2 400 910 3. 10 
Sioux Falls... 19 33 .5 238 9. 62 51 232 238 122 1. 30 
Wows in. 30 “at 824 7. 28 36 170 170 590 2. 40 

WA DOES se 4-ne 20 26 .1| 1,140 7. 50 SS) | eee 310 850 2. 30 
Hartman..... 20 33 «@ 400 6. 55 33 250) cat eee 545 73 
Lake Preston. 20 26 .5 942 9. 52 AS, secre 190 810 3. 10 
Dell Rapids... 20 27 el 680 7. 90 40 140 140 380 2. 80 
Hooker......- 22 27 BON lS 6655\ 12,20 L5H Wegp ee hae 375 1,020 4. 65 
isle ce oe 23 24 .2| 1,010 5. 30 7H lease ee 130 665 1.55 
Canastata..... 23 18 Le 2550 7. 00 B30 ii iio sanec od See ee 660 3. 90 
Davis epee 25 23 uD 940 3. 80 Bel Uinul Retiro Sok ek 10 680 . 90 
Blackmer..... 25 29 Ba! 830 | 10.40 COIN heres SSG & 700 700 2. 60 
52 495 | 23.55 . 69 870 645 600 1.50 


Cottonwood... 34 47 


1 Based on average Measurements taken in 1904 by Fetherolf. 
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TaBLE 48.— Yield of planted groves of GREEN ASH in Nebraska. 


Dominant trees. Yield per acre. 
: Fuel wood. Posts. 
Age of 
County. oiote. f move: Average | Number 
diameter | of trees 
breast per Aver- 


high. acre. | Total.| age Firsts. Seconds.| Total. — 


ee eS ag es = EE See Ess 


Acres. | Years.| Inches. Cords. | Cords. | Number. | Number. | Number. 

Jemorson-- ss. ese cee 1.30 7 3.1 540 5p OND Re 35 35 
Washington. ...... 2.50 17 4.7 1, 083 15.4 .9 310 430 740 
INemaheweenesece 1.00 18 Bs ¢ 1,054 18.4 1.0 442 494 936 
ROA eee aee .92 19 4.2 965 9.8 ot) 130 365 495 
Colfax sae ee ee 1.50 19 2.9 844 6.1 233 28 172 200 
1 IY ee ee Nene eee 2.50 20 2.4 1,304 8.4 .4 20 28 48 
Clay sesso saese eet 3.43 20 4.2 1,446 PS? .6 30 232 262 
Ooo eases 3.00 21 4.5 744 11.8. .6 290 464 754 
ELamsiltonsso: sooo. 2.50 21 4.2 932 11.8 .6 167 312 488 
DORK asise ene eee 7.00 21 4.2 714 7 -6 288 502 790 
WM Once. ceccce ee .99 21 3.7 928 ise) of 218 294 512 
(0) Dae eee eee 1.20 21 4.9 725 14.7 54/ 300 317 617 
Kiearnoyicsoscccs ce 1. 04 21 6.2 805 18.7 9 . 702 504 1, 206 
Richardson........ .80 21 4.3 1,192 | 24.0 1.1 1,072 584 1, 656 
Johnsonese 5.55. 228 .95 22 5.1 492 7.4 503 228 312 540 
AUN eTSHass soe 1.56 22 4.8 446 Use) 53 138 188 326 
Hamilton..... = 1.10 23 03 496 15.6 ol 294 280 574 
ORR Rae ese sea a 1.70 23 4.7 835 17.3 a.) 425 410 835 
Wiebsterses canes 6.60 25 3.8 517 4.0 a 51 155 205 
Milkmore: 222 52-2 2c8 4,24 25 S77 345 12.4 a5 190 IHL 301 
Manecasteroecc- se 48 25 5.3 4S7 14.8 6 327 240 567 
OlKe 22 a Sees 3.10 27 6.2 309 11.6 4 441 208 649 
IB Ublen sce eee 38 29 4.9 $50 20.1 oY 490 480 978 
Clay esata soon 5.30 30 5.8 352 10.0 533 246 184 430 
Saunders: 2235.22 1.50 30 6.1 368 19.3 .6 1,068 370 1, 438 
Donoeces ies 1.10 30 7.4 236.| 26.4 9 1, 162 486 1, 648 

DOM Sees 1.50 32 4.6 553 12.9 -4 343 330 673 
Cuminet- ses ot) 33 4.6 530 14.8 5t3) 465 420 885 
Saunders] eee 3.10 33 7.0 383 18.9 .6 1,040 420 1,640 


1 From Circular 45 of the Forest Service. 


TaBLE 49.— Yield of GREEN ASH plantations in the Plains States.' 


Value of post per acre 


per annum. 
Total : 
Age. A $ Firsts and Trees 
: Height. Yas of Without | 4 percent | seconds. per acre. 
Pp interest interest 
on the on the 
investment.|investment. 
Years Feet Per cent Number 
11S) Sa ee mide Fe ea eerie ten a ab een natn Get 28 $147.10 $7.74 $5.32 i 1, 000 
DRE SURE AD UO ieee ere af aR Saar ee 30 272. 50 11.85 7. 44 39.3 1,274 
DY OTE eB a NCR et UR aD 22 137. 20 5.97 Bs 1D 41.6 908 
PAG st ie ae id Pp SLA Dag 49 270. 90 10. 84 6.51 49.7 680 
SSS SAAS BUSHES EEE OnE aa 25 135.00 3.86 1. &2 42.7 436 
A () 2 Bh epee pu eke hte Vat. Hie cite easrem 53 240. 45 6.01 Ph, iss 67.5 500 
A () RSS cere enlace tate Seen aa eae 45 250. 60 6. 26 2.64 70.5 535 


1¥From Bulletin 86 of the Forest Service, by Carlos G. Bates. 


Notre.—The following conclusions were drawn from the above tabie: (1) Highest financial returns in 
25 years. (2) Ash posts of best quality only at much greater age. (3) Best posts with closest spacing; 
without this, trees crooked, branchy, and knotty. (4) Should not be planted on dry sites, as the 
growth is too retarded. 


